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GEOLOGICAL  SOCIETY  OF  LONDON. 


ANNUAL  GENERAL  MEETING,  FEB.  16,  1849. 
RKPORT  or  THB  COUNCIL. 

In  presenting  to  the  Geological  Society  of  London  their  Annual  Re- 
port for  the  past  year,  the  Council  hare  the  satisfaction  of  announ- 
cing, that  notwithstanding  the  late  pecuniary  emharrassment  hy  which 
they  regret  to  find  that  almost  aU  the  scientific  hodies  of  Liondon 
have  h^  more  or  less  materially  affected,  the  numhers  of  this  So- 
dety  haTc  only  heen  reduced  hy  3  during  that  period. 

The  foUowmg  statement  shows  the  changes  which  have  taken 
place  during  the  past  year :  new  Fellows  elected,  who  hare  paid  their 
admission-fees,  17 ;  Fellows  elected  in  former  years,  who  have  paid 
this  year,  5 ;  Foreign  Memher,  1 ;  total  23.  On  the  other  hand, 
there  haye  heen  deaths,  including  one  Foreign  Memher  and  one  Ho- 
norary Memher,  17;  and  resignations  9,  total  26.  Deducting  the 
increase  23  from  the  decrease  26,  we  haye  a  diminution  of  3,  thereby 
reducing  the  numbers  of  the  Society  during  the  year  1848  from  897 
to  894. 

The  excess  of  income  oyer  expenditure  during  the  past  year  has 
been  ^238  7«.  bd.  This  has  been  mainly  owing  to  the  diminution 
of  expense  in  the  publication  of  the  Journal,  amounting  to  nearly 
^100;  to  the  office  of  Curator  having  been  vacant  during  nine 
m<Hith8,  making  a  difference  of  ^97  10«. ;  and  to  the  receipt  of 
an  unexpected  sum  of  j^6  for  Transactions,  in  consequence  of  the 
great  reducti<Hi  in  their  price. 

The  number  of  hying  compounders  at  the  close  of  1847  was  130 ; 
it  has  been  incr^tsed  during  the  past  year  to  131 ;  during  this  period 
one  compounder  has  died,  and  two  Fellows  have  compounded,  whose 
compositions,  together  with  one  received  in  1847  too  kte  to  be  funded 
during  that  year,  have  been  invested  in  the  funds.  The  total  amount 
received  from  these  131  compounders  has  been  £A\2^  10«.    The 
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11  ANNIVERSARY  MEETING. 

amount  of  Stock  held  by  the  Society  at  the  close  of  1848  was 
^3563  I5s.  lid.  against  ^3453  148.  7d.,  the  amount  held  at  the 
close  of  1847;  and  its  estimated  value  on  the  31st  of  December 
1848  (Consols  being  89)  was  ^3172. 

The  Council  having  observed  that  a  large  stock  of  the  Transactions 
still  remained  unsold,  and  believing  that  by  a  greater  diffusion  of  the 
information  contained  in  them,  they  would  materially  add  to  the  use- 
fiilness  and  prosperity  of  the  Society,  they  have  resolved  that  all  ex- 
cess over  fif^  copies  of  the  volumes  of  the  second  series  of  the  Trans- 
actions, including  Vol.  VII.,  should  be  reduced  in  price  one-half  be- 
low the  already  reduced  prices,  both  to  the  Fellows  and  to  the  public  ; 
they  have  also  resolved  that  all  excess  beyond  fifty  copies  of  the  Pro- 
ceedings should  be  reduced  to  one-fourth  of  the  former  price.  By 
these  means  they  trust  that  much  geological  information  will  be 
distributed,  that  the  ftinds  of  the  Society  will  be  benefited,  and 
their  shelves  cleared  of  a  heavy  incumbrance. 

They  have  further  to  announce  the  completion  of  the  fourth  volume 
of  the  Journal  and  the  pubUcation  of  the  first  part  of  Vol.  V.  They 
have  also  resolved,  considering  the  inconvenience  attending  the  prac- 
tice of  making  the  publication  of  the  Journal  depend  on  an  annnA^l 
vote,  and  also  considering  that  the  experience  of  the  last  three  years 
justifies  the  propriety  of  contemplating  the  present  mode  of  publi- 
cation as  a  permanent  arrangement,  that  the  pubUcation  of  the 
Quarterly  Journal  be  henceforth  regularly  contmued  without  any 
annual  resolution. 

The  attention  of  the  Council  has  been  especially  directed  to  the 
Museum  Report  of  last  year,  the  principal  portion  of  which  was 
printed  and  circulated  in  the  fifteenth  number  of  the  Journal.  The 
recommendations  and  suggestions  embodied  in  that  Report  have  on 
various  occasions  been  carefully  discussed  bv  the  Council,  and  some 
of  them  have  already  been  acted  upon.  In  the  Foreign  Collection 
the  Council  have  resolved  that  many  of  the  inorganic  specimens 
should  be  removed,  thereby  saining  space  for  the  admission  of 
valuable  organic  specimens,  hitherto  retained  in  the  crypts  for  want 
of  space ;  and  they  have  the  satisfaction  of  stating,  that  in  conse- 
quence of  the  zeal  and  activity  of  some  of  their  members,  who  have 
voluntarily  offered  their  services  for  this  purpose,  the  want  of  a  Cu- 
rator has  in  this  respect  not  been  experienced. 

The  important  question  of  the  arrangement  of  the  whole  Foreign 
Collection  has  not  yet  been  taken  into  consideration.  Some  of  the 
arguments  in  favour  of  the  various  systems  proposed  will  be  found 
in  the  Reports  of  Mr.  Lonsdale  and  of  Professor  Forbes,  appended 
to  the  Museum  R^ort  of  last  year. 

Referring  to  their  Report  of  last  year,  the  Council  regret  that 
the  same  causes  which  then  induced  tnem  to  reduce  the  expenditure 
incurred  in  the  care  of  the  Museum  should  still  continue  in  opera- 
tion ;  they  have  consequently  not  considered  it  expedient  to  appoint 
a  Curator  for  this  year ;  they  trust  however  that  the  state  of  their 
finances  will  shortly  enable  tneiii  to  make  such  arrangements  as  will 
ensure  the  due  care  and  superintendence  of  the  Collections,  without 
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which  they  are  well-aware  the  value  and  unportance  of  the  Museum 
must  in  a  great  measure  be  lost. 

It  win  be  remembered  that  it  was  stated  in  the  Annual  Report  of 
last  year  that  the  Council  had  resolved  that  the  balance  of  the  pro- 
ceeds of  the  Donation  Fund  should  be  appropriated  to  making  avail- 
able to  science  the  fossils  which  had  been  received  from  the  Cape  of 
Good  Hope  in  1844  from  Mr.  Geddes  Bain,  and  that  a  Committee 
was  appomted  to  carry  out  this  object.  A  portion  of  the  sum  placed 
at  their  disposal  has  been  accordingly  expended ;  and  the  Committee 
having  reported  that  they  did  not  recommend  any  further  expendi- 
ture on  the  fossils  in  question,  the  Council  have  resolved  that  the 
remaining  portion  of  the  Award  (amounting  to  £11  2^.)  be  granted 
to  M.  Alcide  d'Orbigny,  for  the  purpose  of  aiding  him  in  the  pub- 
lication of  his  '  Pal^ntologie  Fran9aise,'  on  account  of  the  value  of 
that  work  to  British  geologists. 

In  ccmclusion,  they  have  to  announce  that  they  have  awarded  the 
WoUaston  Palladium  Medal  for  the  present  year  to  Mr.  Joseph  Prest- 
wich,  jun.,  for  his  papers  communicated  to  the  Greological  Society  of 
London,  and  more  e^eciallv  for  those  relating  to  the  tertiary  deposits 
of  the  London  and  Hampshire  districts ;  and  that  they  have  resolved 
that  the  balance  of  the  proceeds  of  the  Donation  Fund  for  the  pre- 
sent year  be  granted  to  Mr.  Lonsdale,  in  aid  of  the  publication  of 
his  work  on  Fossil  Corals. 

Report  of  the  Mtiseum  and  Library  Committee, 

No  important  addition  has  been  made  to  the  British  Collection 
since  the  last  Annual  Report,  and  the  arrangement  remains  in  the 
same  condition  as  at  that  period,  with  the  exception  of  a  consider- 
able number  of  specimens  of  the  Azoic  Rocks  which  have  been  re- 
moved from  the  drawers. 

The  Foreign  Rock  Specimens  are  in  progress  of  examination  and 
re-arrangement  by  a  Committee  appointed  for  that  purpose,  with  the 
view  of  admitting  of  the  exhibition  of  a  greater  niunber  of  the  Fo- 
reign Organic  Remains.  As  the  labours  of  that  Committee  are  not 
yet  concluded,  it  is  unnecessary  to  offer  any  further  remarks  on  that 
subject. 

Library  Report. 

In  the  course  of  the  last  year  the  Library  has  been  increased  by 
the  donation  of  upwards  of  1 50  volumes  and  pamphlets ;  among 
these  donations  may  be  noted,  as  especially  valuable,  more  than 
100  Charts  and  Plans  and  Nautical  works  published  by  the  D6p6t 
de  la  Marine  of  France ;  Hermann  von  Mever's  work  on  the  Saurians 
of  the  Muschelkalk  ;  the  Palaeontology  of  New  York,  presented  by 
the  State  of  New  York ;  Memoirs,  li^ps  and  Sections  of  the  Geolo- 
^cal  Survey  of  Great  Britain ;  Haidin^r's  Report  on  the  Proceed- 
mgs  of  the  Friends  of  Natural  Science  m  Vienna ;  the  Physical  Atlas 
by  Berghaus  and  Johnston,  presented  bjr  J.  W.  Johnston,  Esq. ;  the 
Annales  des  Mines,  completing  our  series  to  the  present  time  ;  and 
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Humboldt's  Essay  on  tlie  Kingdom  of  New  Spain>  presented  by 
Alfred  TVlor,  Esq. 

Tour  Committee  strongly  recommend  that  the  Annals  and  Maga- 
zine of  Natural  History  be  added  to  the  periodicals  taken  in  by  the 
Society,  and  they  woukl  especially  direct  attention  to  the  list  of  de- 
siderata appended  to  the  Annual  Keport  of  1848. 

Signed,  6.  A.  Mantell. 

J.  S.  BOWERBANK. 

I3th  Febnuuy,  1849.  Robert  Austen. 


Comparative  Statement  of  the  Number  of  the  Society  at  the  close  of 
the  years  1847  and  1848. 


Compounders 

Residents    

Dec.  31,  1847. 

...     130    

. . .      248     

Dec.  31,  1848 
131 
233 

Non-residents 

.  . .     445     

457 

Hcmorary  Members . 
Foreign  Members. . . 

Bl^ 

823 

20            

50            

4—74     

821 
19 
50 
4—73 

897  894 

General  Statement  explanatory  of  the  Alteration  in  the  Number  of 
Fellows,  Honorary  Members^  |^c.  at  the  close  of  the  years  1847 
and  1848. 

Number  of  Compounders,  Residents  and  Non-residents, 

December  31,  1847 823 

Add,  Fellows  elected  during  formerl  Residents 3 

years,  and  paid  in  1848    . . . .  j  Non-residents  . .    2 

—  5 

Fellows  elected,  and  paid,  during  1  Residents 8 

1848 J  Non-residents  . .   9 

—17 

—  22 

845 

Deduct,  Compounder  deceased 1 

Residents  „        5 

Non-residents     „        9 

Resigned 9 

—  24 

Total  number  of  Fellows,  31st  Dec.  1848,  as  above  . .     821 
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Number  of  Honorary  Members,  Fordgn  Members,  and  1  ^. 

Personages  of  Royal  Blood,  December  31, 1847 J  ' 

Addf  Foreign  Member  elected  in  1848   1 

75 

Deduct^  Foreign  Member  deceased   1 

Honorary  Member     „         1 

—  2 

As  above  73 

Number  ofFeUowM  liable  to  Annual  ContrilnUum  at  the  ehie  ^1848, 
with  the  AlteratioM  during  the  year. 

Number  at  the  close  of  1847 248 

Add,  Elected  in  former  years,  and  paid  in  1848 3 

Elected  and  paid  in  1848 8 

Non-residents  who  became  Resident 3 


Deduetj  Deceased 5 

Resigned 9 

Compounded 2 


262 


Became  Non-resident 71 

—      29 


'll3 
Ditto  in  former  years   6/ 


As  above    233 

Deceased  Fellows. 

Cov^aunder  (1). 
William  Twinmg,  M.D. 

Bemdenie(5). 
Robert  Bingley,  Esq.  I  lieut.-Col.  Brandreth. 

Mr.  Justice  Bosanquet.  |  Marquis  of  Bute. 

6.  F.  Richardson,  Esq. 

Nan-reeidenis  (9). 


E.  T.  Ards,  Esq. 
G.  T.  Fox,  Eso. 
Rev.  John  Hailstone. 
Sir  T.  D.  Lauder,  Bart. 


W.  J.  West,  Esq. 

Honorary  Member  (1). 
Greorge  Cumberland,  Esq. 

Foreign  Member  (1). 
J.  J.  Berzelius,  M.D. 


Henry  Leach,  Esq. 
Edmund  Lomax,  Esq. 
Edw.  Mammatt,  Esq. 
James  Watt,  Esq. 
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The  following  Persons  were  elected  Fellows  during  the  year  1848. 

February  23rd. — WUliam  Talbot  Aveline,  Esq.,  of  the  Geological 
Survey  of  Great  Britain. 

March  22nd. — Nathaniel  Beardmore,  Esq.,  Great  College  Street, 
Westminster;  John  R.  M*Clean,  Esq^  Great  George  Street, 
Westminster ;  Robert  Hunter  Semple,  Esq.,  Torrington  Square ; 
WilUam  Wills,  Esq.,  Birmingham ;  Capt.  R.  T.  W.  L.  Bncken- 
den,  Cuckfieli  Sussex ;  and  H.  W.  Freeland,  Esq.,  Duke  Street, 
St.  James's. 

April  5th. — James  MacAdam,  Esq.,  Royal  Academic  Institution, 
Bel&st;  and  Robert  William  Mylne,  Esq.,  Carlton  Chambers, 
R^nt  Street. 

19th. — Sir  John  William  Lubbock,  Bart.,  St.  James's  Place. 

May  drd. — John  Dorrington,  Esq.,  Linton,  Cambridgeshire. 

17th. — J.  R.  Logan,  Esq.,  Singapore;  and  Rev.  John  Thorn- 
ton, Kimbolton,  Huntingdonshire. 

—  31st. — H.  Wedgwool,  Esq.,  Woking,  Surrey ;  and  Thomas 
Brown,  Esq.,  Cushendun  House,  Antrim. 

November  1st. — Lieut.  Douglas  Galton,  Royal  Engineers. 

29th.-- Charles  Thnins,  Es^.,  Oxford  VUlas,  Cheltenham. 

December  13th. — Thomas  Josiah  Laing,  Esq.,  Hillingdon  Grange, 
HiUingdon ;  and  Charles  Brumell,  Esq.,  Carlton  Chambers,  Re- 
gent Street. 

The  following  Person  was  elected  a  Foreign  Member, 
February  2nd. — James  Hall,  Esq.,  New  York,  United  States. 

The  following  Donations  to  the  Museum  have  been  received  since 
the  last  Anniversary. 

British  Specimens. 

Plagiostoma  Hermanni,  from  the  Lower  Lias,  Warwickshire ;  pre- 
sented by  J.  W.  Kirshaw,  Esq.,  F.G.S. 

Specimen  of  Pentacrinite ;  presented  by  E.  H.  Bunbury,  Esq.,  M.P., 
F.G.S. 

Specimens  from  the  Mountain  Limestone,  Alnwick;  presented  by 
George  Tate,  Esq.,  F.G.S. 

Fossils  nrom  the  Lias  and  Oolite  near  Cheltenham ;  presented  by  the 
Rev.  P.  B.  Brodie,  F.G.S. 


Cast  of  Humerus  of  Mastodon ;  presented  by  H.  Ball,  Esq. 
Cast  of  Head  of  Crocodilus  Spenceri^  from  Isle  of  Sheppey ;  pre- 
sented by  Prof.  J.  Tennant,  F.G.S. 
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Charts  and  Maps. 


104  Charts  and  Plans  and  8  Nautical  works  in  12  volumes,  published 
by  the  D^t  de  la  Marine ;  presented  by  M.  le  Directeur  6^^ 
du  D^pot  de  la  Marine. 

The  Maps  and  Sections,  forming  a  continuation  of  the  Geological 
Survey  of  the  United  Kingdom ;  presented  by  Sir  H.  T.  De  la 
Beche,  on  the  part  of  Her  Majesty's  Government. 

The  Physical  Atlas,  by  Henry  Berghaus,  LL.D.  and  A.  Keith  John- 
ston, Parts  1 — 10  ;  presented  by  the  publishers,  Messrs.  W.  and 
A.  K.  Johnston. 

Palaeontological  Map  of  the  British  Islands,  by  A.  K.  Johnston. 
From  the  Sketches  and  Notes  of  Prof.  E.  Fortes,  2  sheets  ;  pre- 
sented by  Prof.  E.  Forbes,  F.G.S. 


The  following  List  contains  the  Names  of  all  the  Persons  and 
Public  Bodies  from  whom  Donations  to  the  Library  and  Museum 
were  received  during  the  past  year. 


Academy  of  Sciences  of  Paris. 
American  Academy  of  Arts  and 

Sciences. 
American  Philosophical  Society. 
Athenseum  Club. 
Atheneeum,  Editor  of. 
Austin,  Messrs.  Thomas. 

BaU,  H.*,  Esq. 

Berwickshire  Naturalists'  Club. 

Binney,  E.  W.,  Esq. 

Boston  Society  of  Natural  His- 
tory. 

Botfield,  B.,  Esq.,  F.G.S. 

Brayley,  E.W.jun.,  Esq.,  F.G.S. 

British  Association  for  the  Ad- 
vancement of  Science. 

Brodie,  Rev.  P.  B.,  F.G.S. 

Bunbury,  E.  H.,  Esq.,  M.P., 
F.G.S. 

Carpenter,  W.,  M.D.,  F.G.S. 
Chantereaux,  M.  Bouchard. 
Chemical  Societv  of  London. 
Corbaux,  Miss  F. 
Coxe,  L.  S.,  Esq.,  F.G.S. 
Cumming,   Rev.  J.   G.,   M.A., 
F.G.S. 


D'Archiac,  M.  le  Vicomte,  For. 

Mem.  G.S. 
Davidson,  M.  M.  Th. 
Daussy,  M. 

DelaBeche,  Sir  H.T.,Pres.  G.S. 
D^pot  G^ndral  de  la  Marine  de 

France. 
Dillwjrn,  L.  W.,  Esq.,  F.G.S. 
D'Orbigny,  M.  Alcide,  For.  Mem. 

G.S. 
Dumont,  Prof.  A.  H.,  For.  Mem. 

G.S. 

East  India  Company,  Hon. 
Elie  de  Beaumont,  M.  L.,  For. 
Mem.  G.S. 

Favre,  M.  Alphonse. 

Fischer  de  Waldheun,  G.,  M.D., 

For.  Mem.  G.S. 
Fitton,  W.  H.,  M.D. 
Flugel,  Dr.  J.  G. 
Forbes,  Prof.  E.,  F.G.S. 
Frapolli,  M.  L. 

Greneve,  Soci^t^  de  Physiaue  de. 
Greological  Society  of  Dublin. 
Geological  Society  of  France. 
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Geological  Survey  of  Great  Bri- 
tain. 
Goppert,  Prof. 

Greenougb,  G.B.,Esq.,V.P.G.8. 
Grey,  Eight  Hon.  Earl. 
Guyot,  M.  A. 

Haidinffer,  Herr  W. 
HaU,  James,  Esq.,  F.G.S. 
Hausmann,  Prof.  J.  F.  L.,  For. 

Mem.  G.S. 
Horticultural  Society. 

Imperial  Sociebr  of  Moscow. 
Inoian  Archipmgo  Journal,  Edi- 
tor of. 

Jobert,  M.  A.  C.  G. 
Johnston,  Messrs.  W.  and  A.  K. 
Jbly,  M.  M.  N. 

King,  Capt.  P.,  R.N. 
King,  WUHam,  Esq. 
Kirshaw,  J.  W.,  Esq.,  F.G.S. 
Koninck,  M.  L.  de. 

L'J^cole  des  Mines. 

Leeds  Philosophical  Society. 

Leidy,  Joseph,  M.D. 

Leymerie,  M. 

Liverpool,  Literary  and  Philoso- 

Sliical  Sodebr  of. 
bock.  Sir  J.  W.,  Bt.,  F.G.S. 
• 
MantelLG.  A.,  LL.D.,  V.P.G.S. 
Martins,  M.  Ch. 
M'Coy,  F.,  Esq. 
Mitchell,  Lieut.-Col.  Sir  T.  L., 
F.G.S. 

Nattali,  M.  A. 

New  York  Lyceum  of  Natural 
History. 

Northumberland,  Natural  His- 
tory Society  of. 

Nyst,  M.  H. 

Palaeontographical  Society. 


Philadelphia  Academy  of  Natu- 
ral Sciences. 
Portlock,  Lieut.-Col.,  F.G.S. 
Pratt,  S.  P.,  Esq.,;^F.G.S. 

Quetelet,  M.  A. 

Ramsay,  Prof.  A.  C,  F.G.S. 

Reeve  and  Co.,  Messrs. 

Richardson,  Joshua,  Esq.,  F.G.S. 

Rouquairol,  M. 

Royu  Academy  of  Belgium. 

Royal  Academy  of  Munich. 

Royal  Agricultural    Society    of 
England. 

Royal  Asiatic  Society. 

Royal  Asiatic  Soc.,China  Branch. 

Royal  Geographiod  Society. 

Royal  (^logical  Society  of  Corn- 
wall. 

Rcqral  Lridi  Academy. 

Silliman,  Prof.,  M.D.,For.Mem. 
G.S. 

Sismonda»  E.,  M.D. 

Smith,  Rev.  J.Pye,  D.D.,  F.G.S. 

Smith,  J.  Touhmn,  Esq. 

Sowerby,  G.  B.,  Esq. 

St.  Petersburg,  Imperial  Aca- 
demy of. 

Strickland,  H.  E.,  Esq.,  F.G.S. 

Swedenborg  Association. 

Tate,  George,  Esq.,  F.G.S. 
Tennant,  Prof.  J.,  F.G.S. 
Twining,  William,  M.D.,  F.G.S. 
Tylor,  A.,  Esq.,  F.G.S. 
Tyneside  Naturalists'  Field  Club. 

Vaudoise  Society. 

Von  Helmersen,  Herr  G. 

Von  Volborth,  Dr.  A. 

West  Riding  of  Yorkshire,  Geo- 
logical and  Polytechnic  So- 
ciety of  the. 

Zoological  Society. 
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LmT  of  Papers  read  ginee  the  laat  Anniversary  Meeting, 
February  18M,  1848. 
1848. 
Feb.  23rd. — ^Additional  Remarks  on  the  Deposits  in  New  Zealand 
containing  the  remains  of  Struthious  Birds,  by  6.  A.  Mantell, 

ll,d7f.g.s. 

On  the  Geology  of  Ridgway,  near  Weymouth,  by 

C.  H.  Weston,  Esq.,  F.G.S. 

March  8th. — On  the  Position  in  the  Cretaceous  Series  of  Beds  con- 
taining Phosphate  of  Lime,  by  R.  A.  C.  Austen,  Esq.,  F.G.S. 

On  the  presence  of  Phosphoric  Acid  in  the  Subordinate 

Members  of  the  Chalk  Formation,  by  J.  C.  Nesbit,  Esq.,  F.G.S. 

Outline  of  the  Geology  of  the  Salt-field  of  Cheshire^ 


by  G.  W.  Ormerod,  Esq.,  F.G.S 

March  22nd. — On  the  Internal  Structure  of  Halonia,  by  J.  S. 
Dawes,  Esq.,  F.G.S. 

Observations  on  the  Cystidea  and  the  Crinoidea  gene- 
rally, by  Major  Thomas  Austin,  F.G.S. 

On  Fossil  Bones  from  the  Crag,  Suffolk,  by  John 


Wiggms,  Esq.,  F.G.S. 

April  5th.— Sketch  of  the  Structure  of  part  of  North  Wales,  by  J.  B. 
Jukes,  Esq.,  F.G.S.,  and  Alfred  Selwyn,  Esq. 

Sketch  of  the  Structure  of  part  of  North  and  South 

Wales  and  Shropshire,  by  Prof.  A.  C.  Ramsay,  F.G.S.,  and  W.  T. 
ATeUne,  Esq.,  F.G.S. 

April  19di. — Palichthyologic  Notes,  Supplemental  to  the  Works  of 
Pn^.  Agassiz,  by  Sir  P.  G.  Egerton,  Bart.,  M.P.,  F.G.S. 

On  the  Transportal  of  Erratic  Boulders  from  a  lower 

to  a  higher  lerel^  by  Charles  Darwin,  Esq.,  F.G.S. 

and  May  17th. — On  Scratched  Boulders,  by  James 


Smith,  Esq.,  of  Jordan  Hill,  F.G.S. 

May  3rd. — On  the  Permian  System  of  Saxony,  by  Prof.  Naumann ; 
communicated  by  Sir  R.  I.  Murchison^  F.G.S. 

On  Changes  in  the  Earth's  Axis  of  Rotation,  by  Sir 

John  Lubbock,  Bart.,  F.G.S. 

On  Changes  of  Temperature,  &c.  on  the  Earth,  by 


W.  D.  Saull,  Esq.,  F.G.S. 

May  1 7th — On  the  Silurian  Rocks  of  Wigtonshire,  by  J.  C.  Moore, 
Esq.,  Sec.  G.S. 

On  the  Fossils  from  Wigtonshire,  by  J.  W.  Salter, 

Esq.,  F.G.S. 

On  recent  Formations  near  Edinburgh,   by  James 


Nicol,  Esq.,  F.G.S. 
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1848. 
May  31st. — On  the  Colouring  Matter  of  Bed  SandBtones,  by  J.  W. 

Dawson,  Esq. ;  communicated  by  the  President. 
On  a  Dragon  Fly  found  in  the  Lias,  by  the  Rev.  P. 

B.  Brodie,  F.6.S. 

•  On  the  Structure  of  the  Calamite,  by  J.  S.  Dawes, 


Esq.,  F.G.S. 
June  14th. — On  Organic  Remains  recently  found  in  the  Wealden, 

by  G.  A.  Mantell,  LL.D.,  F.G.S. 
On  the  Strata  from  Christ  Church  Harbour  to  Poole 

Harbour,  by  Joseph  Prestwich,  jun.,  Esq.,  F.G.S. 

Notes  on  the  Soi:dfiri^re  of  St.  Vincent,  by  Major 


Henry  Davis ;  communicated  by  Sir  Charles  LyeU,  V.P.G.S. 

>  On  the  (^logical  Structure  of  Western  Australia,  by 


Dr.  Sommer ;  communicated  by  the  President. 

On  Ingleborough  Cave,  by  J.  W.  Farrer,  Esq.,  F.G.S. 

Notes  on  Corals  from  the  Greensand  at  Atherfield, 


by  William  Lonsdale,  Esq.,  F.G.S. 
Nov.  1st. — On  the  supposed  Soft  Parts  of  an  Orthoceras,  by  James 
Hall,  Esq.,  For.  Mem.  G.S. 

On  Slaty  Oeavage,  by  Daniel  Sharpe,  Esq.,  F.G.S. 

(second  communication). 

Nov.  15th. — On  the  Gypsum  of  Nova  ScoUa,  by  Abraham  Gesner, 
M.D.,  F.G.S. 

■  A  Comparison  of  the  (General  Structural  Features  of 

the  Disturbed  Districts  of  Europe  with  those  of  America,  by  Prof. 
H.  D.  Rogers,  For.  Mem.  G.S. 

Nov.  29th. — On  Fossil  Plants  frt>m  the  Anthracite  Formation  of  the 
Alps  of  Savoy,  by  C.  J.  F.  Bunbury,  Esq.,  For.  Sec.  G.S. 

On  the  Neighbourhood  of  Oporto,   including  the 

Silurian  Coal  and  Slates  of  Vallongo,  by  Daniel  Sharpe,  Esq., 
F.G.S. 

Dec.  13th,  and  Jan.  17th,  1849. — Notes  on  the  Alps  and  Apennines, 
more  particularly  on  the  Cretaceous  and  Supracretaceous  Groups, 
by  Sir  R.  I.  Murchison,  F.G.S. 

1849. 
Jan.  3rd. — On  the  Hampshire  Freshwater  Tertiaries,  by  J.   C. 
Moore,  Esq.,  Sec.  G.S. 

■  Additional  Observations  on  the  Ridgway  Cutting,  by 
C.  H.  Weston,  Esq.,  F.G.S. 

On  the  Silidfied  Soft  Parts  of  a  Zoophyte,  by  J.  S. 


Bowerbank,  Esq.,  F.G.S. 

Jan.  31  St. — On  Saurian  Remains  from  the  Greensand  of  the  United 
States,  by  Prof.  Owen,  F.G.S. 
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Jan.  31st. — On  the  Affinities  of  the  Genus  Flatjsomos^  by  Sir  P.  6. 
Efeerton,  Bart.,  M.P.,  F.G.S. 

On  Neritoma,  a  new  Genus  of  Fossil  Brachiopod,  by 

John  Morris,  Esq.,  F.G.S. 


After  the  Beports  had  been  read,  it  was  resolved, — 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting ; 
and  that  such  parts  of  them  as  the  Council  shall  think  fit,  be  printed 
and  distributed  among  the  Fellows. 

It  was  afterwards  resolved, — 

1.  That  the  thanks  of  the  Society  be  given  to  Sir  flenry  Thomas 
De  la  Beche,  retiring  from  the  office  of  Inresident. 

2.  That  the  thanks  of  the  Society  be  given  to  Sir  Charles  Lyell, 
retiring  from  the  office  of  Vi<»-President. 

3.  That  the  thanks  of  the  Society  be  given  to  R.  A.  C.  Austen, 
Esq.,  E.  H.  Bunbury,  Esq.,  Prof.  Daubeny,  M.D.,  Robert  Hutton, 
Esq.,  and  John  Morris,  Esq.,  retiring  from  Uie  Council. 

After  the  Balloting  Glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  the  Officers  and  Council  for  the  ensuing 
year: — 
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ANNIVERSARY  MEETING. 


OFFICERS. 


PRESIDENT. 
Sir  Charles  Lyell,  F.R.S.  and  L.S. 

VICE-PRESIDENTS. 

G.  B.  Greenough,  Esq.,  F.R.S.  and  L.S. 
Leonard  Homer,  Esq.,  F.R.S.  L.  and  E. 
G.  A.  Mantell,  LL.D.,  F.R.S.  and  L.S. 
Sir  R.  I.  Murchison,  G.C.St.S.,  F.R.S.  and  L.S. 

SECRETARIES. 

William  John  Hamilton,  Esq.,  Pres.  R.G.S. 
John  Carrick  Moore,  Esq. 

FOREIGN  SECRETARY. 
C.  J.  F.  Bunbnry,  Esq.,  F.L.S. 

TREASURER. 
John  Lewis  Prevost,  Esq. 


COUNCIL. 


J.  S.  Bowerbank,  Esq.,  F.R.S. 
C.  J.  F.  Bunbury,  Esq.,  F.L.S. 
W.  B.  Carpenter,  M.D.,  F.R.S. 
Charles  Darwin^  Esq.,  F.R.S. 
Sir  H.  T.  De  la  Beche,  F.R.S. 

and  L.S. 
Sir  P.  Grey  Egerton,  Bart.,  M.P., 

F.R.S. 
Prof.  E.  Forbes,  F.R.S.  and  L.S. 
G.  B.  Greenough,  Esq.,  F.R.S. 

and  L.S. 
William  John   Hamilton,  Esq., 

Pres.  R.G.S. 
Leonard  Homer,  Esq.,  F.R.S.  L. 

andE. 
Capt.  Heniy  James,  R.E. 
Sir  Charles  Lyell,  F.R.S.  and  L.S. 


G.  A.  Mantell,  LL.D.,  F.R.S. 
and  L.S. 

John  C.  Moore,  Esq. 

Sir  R.  I.  Murchison,  G.C.St.S., 
F.R.S.  and  L.S. 

Lyon  Playfair,  Ph.D.,  F.R.S. 

Lieut..Col.  J.  E.  Portlock,  R.E., 
F.R.S. 

Samuel  Peace  Pratt,  Esq.,  F.R.S. 
and  L.S. 

John  Lewis  Prevost,  Esq. 

Prof.  A.  C.  Ramsagr. 

D.  Sharpe,  Esq.,  F.L.S. 

The  Very  Rev.  the  Dean  of  West- 
minster, D.D.,  F,R.S.  and  L.S. 

S.  V.  Wood,  Esq. 
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xiv  Income  and  Expenditure  during  the 

INCOME. 
Outstanding,  1847  :  £  s.   d. 

Quarterly  Journal,  Vol.  III.  (Messrs.  Longman  &  Co.) 

paid  June  6th 64    7     4 

Quarterly  Journal,  Vol.  III.  (Author's  Corrections) 

paid  January  26th 10    5     0 

£     9,     d. 

Balance  at  Banker's,  January  1,  1848 238  12     7 

Balance  in  hands  of  Clerk 22  19     3 

261   11   10 

Compositions  received   63    0    0 

Ditto  at  Banker's,  December  31st»  1847  . .      31  10    0 

94  10    0 

Arrears  of  Admission  Fees    39  18     0 

Arrears  of  Annual  Contributions 15  15     0 

55  13  0 

Admission  Fees  of  1848    144  18  0 

Annual  Contributions  of  1848 719  15  6 

Dividends  on  3  per  cent.  Consols 102     3  10 

Sale  of  Transactions 103     8  11 

Sale  of  Transactions  in  separate  Memoirs   3     6  7 

Sale  of  Plroceedings 2  18  0 

Journal,  Vol.  I.,  tdlowance  on  sale  firom  the  Publisher. .  10  0 

Saleof  Journal,  VoL  II 10     1  0 

Sale  of  Journal,  Vol.  Ill 24     6  6 

Saleof  Journal,  Vol.  IV 172     2  9 

Sale  of  Library  Catalogue 0     7  6 


We  have  compared  the  Books  and  Vouchers     x 
presented  to  us  with  these  Statements,   and 

find  them  correct.  \ 

R.  HUTTON,  1   ^  ^.  

J.  PRESTWICaJuN.,/-^"^*^^*  £1770  15     9 

Jan.  29th,  1849.  _== 
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Year  ending  December  31*/,  1848.  xv 

EXPENDITURE. 
Outstanding,  1847:  ^     t.    d. 

Quarterly  Jonrnal,  Vol.  III.  (Mesan.  R.  and  J.  B.  Ttylor). .      59186 

Fuel  (Potent  Fael  Company) 6   15     0 

House  Bepain  (Mr.  G.Laing) 8     19 

Ck>mpo6ition9  inyei^ed 94  10     0 

General  Expenditore :  £    9,   d. 

Taxes  and  Rates 35  11    4 

Rre  Insnrance    9    0    0 

House  Repairs    6  18    0 

Fomitare  Repairs  21    0    9 

NewFumitore   15    1  11 

Fuel 39  12    0 

Li^ht  24  13    5 

Mttcellaneous  House  Expenses,  indading  Post- l.g    «    g 

Stationery  15    5    4 

Miscellaneous  Printing 35    3    9 

Tea  for  Meetings    27  10  11 

279     0  11 

Salaries  and  Wages : 

Assistant  Secretary 130    0    0 

Curator  (1  Quarter)  32  10    0 

Clerk  100    0    0 

Porter 80    0    0 

House  Maid    31  18    6 

Occasional  Attendants  13    4    6 

Collector 22  10    3 

410     3     3 

Library 19  12  10 

Mnseum 9  13     5 

Diagrams  at  Meetings 15  11     0 

Miscellaneous  Scientific  Expenses    3     3     7 

Contribution  of  1848  repaid 3     3     0 

Publications : 

Transactions  17    3  5 

Transactions,  separate  Memoirs    0    6  9 

Journal,  YoL  II 0  10  6 

Journal,  Vol.  Ill 4    7  1 

Journal,  Nos.  13, 14, 15  and  16  325    0  8 

Journal,  No.  17 1  15  0 

Proceedings    0  10  0 

349  13     5 


1259     6     8 

Balance  at  Banker's,  Dec.  31,  1848 483  17     6 

Balance  do.  (included  in  Trust  Account)       0     6    0 

Balance  in  Clerk's  hands 27     5     7 

511     9     1 


£1770  15     9 
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PROCEEDINGS 

AT  THB 

ANNUAL  GENERAL   MEETING, 

16th  FEBRUARY  1849. 


Award  of  ths  Wollaston  Medal  and  Donation  Fund. 


Aftbr  the  Reports  of  the  Council  and  Committees  had  been  read^ 
the  President  delivered  the  Wollaston  Donation  Medal  to  Mr.  Prest- 
wich,  addressing  him  as  follows : — 

Mr.  Prestwich, — It  is  with  no  slight  feeling  of  satis&ction  that» 
as  President  of  this  Society,  it  becomes  my  official  dut^  to  present 
jou  with  the  highest  honour  which  our  body  has  it  in  its  power  to 
sward.  We  know  that  though  your  labours  for  the  promotion  of 
our  science  are  those  of  one  devoted  to  the  search  of  truth  for  its  own 
sake,  the  time  which  can  be  thus  employed  can  only  be  snatched  at 
intervals  from  the  cares  of  commercial  life.  Your  study  of  chemistry 
under  our  late  lamented  colleague.  Turner,  enabled  you  iustly  to 
wpreciate  the  value  of  that  science  in  its  applications  to  geolo^.  So 
also  with  your  knowledge  of  physics,  obtained  at  the  same  institution, 
the  University  CoU^,  London,  at  the  same  time.  With  the^  aids, 
and  a  just  appreciation  of  the  value  of  organic  remains,  you  have  in- 
▼esti^ted  those  districts,  for  your  communications  respecting  which 
the  Cxeological  Society  of  London  this  day  presents  you  with  its 
Palladium  Wollaston  Medal.  You  first  made  known  to  us  your  re» 
searches  in  the  coal  district  of  Colebrook  Dale,  and  subsequently 
those  m  the  tertiary  districts  of  London  and  Hampshire, — all  chiir 
racterized  by  that  judicious  consideration  of  the  conditions  obtaining 
at  the  time,  without  which  just  views  respecting  the  state  of  the 
various  parts  of  our  earth's  surface  at  different  periods  can  scarcely  be 
obtainea.  Receive  this  medal,  Mr.  Prestwich,  as  a  mark  of  the  high 
value  which  this  Society  sets  upon  your  labours ;  and  may  you  long 
continue  to  employ  that  time  wnich  you  can  devote  to  science  in  the 
promotion  of  the  branch  of  knowleoge  which  we  are  associated  to 
cultivate. 

On  receiving  the  Medal,  Mr.  Prestwich  replied  as  follows : — 

Sir, — ^Allow  me  to  express  my  grateful  acknowledgements  for  this 

mark  of  the  approbation  with  which  the  Council  of  the  Geological 

Society  have  viewed  my  past  labours.     I  can  assure  ^ou  that  I  value 

it  highly,  and  I  receive  it  as  a  pledge  to  future  exertions  in  the  same 
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field  of  geoMgjr.  It  is  trae  that  I  entered  upon  this  field  as  a  student 
and  for  .rdbi^ation,  hut  the  interest  and  oifficulties  of  the  suhject 
speedily-Hjduced  me  to  take  it  up  with  more  earnestness  and  deter- 
mination,, end  eventually  led  me  to  extend  the  inquiry  over  an  area 
which.  I; -at  first,  never  contemplated. 

'The.  tertiary  geology  of  the  neighbourhood  of  London  may  be 
wantmg  in  beauty  of  stratigraphical  exhibition  and  in  perfect  preser- 
'  Vation  of  organic  types,  but  in  many  of  the  higher  questions  of  pure 
gep^ogy, — in  clear  evidence  of  remarkable  physi^  changes, — in 
(furious  and  diversified  paleeontological  data,  however  defaced  the 
inscriptions,  which  is  after  all  but  a  secondary  point,  few  departments 
of  jgeolofflr  offer,  I  think,  greater  attractions. 

The  pfeasure  I  have  derived  from  the  study  of  the  remarkable 
phsenomena  which  have  come  before  me  in  the  course  of  the  investi- 
gation, has  far  outbalanced  the  few  obstacles  I  have  had  to  contend 
against.  I,  in  fact,  feel  deeply  indebted  to  geoloey,  as  a  source  of 
healthfiil  recreation,  as  an  inestimable  relief  and  abstraction  in  due 
season  from  the  cares  frequently  attendant  upon  the  active  duties  of 
life,  for  its  kindly  and  valued  associations,  and  above  all  for  the  high 
communing  into  which  it  constantly  brings  us  in  the  contemplation 
of  some  of  the  most  beautiful  and  wondei^  works  of  the  creation. 

The  President  then  addressed  Mr.  Bunbury  : — 

Mr.  Bunbury, — ^This  Society  having  a  second  time  availed  itself 
of  an  opportunity  of  assisting  in  the  publication  of  the  *  Pal^ntologie 
Frnncaise,'  by  awarding  the  unappropriated  balance  of  the  Wollaston 
Fundf  for  the  last  year  to  M.  Alcide  d'Orbigny,  pray  express  to  him 
the  high  value  we  attach  to  his  labours,  and  the  interest  we  feel  in 
the  continuation  of  his  *Paleontologie  Fran9aise,* — a  work  of  so  much 
importance  to  the  progress  of  European  geology. 

Mr.  Bunbury  repHed : — 

Sir, — I  will  take  care  that  this  donation  shall  be  transmitted  to 
the  ^ntleman  for  whom  it  is  desip;ned ;  and  I  am  happy  to  be  the 
medium  of  expressing  to  M.  d'Orbigny  the  sense  entertained  by  this 
Society  of  the  great  services  which  he  has  rendered  to  geological 
science,  especially  by  the  publication  of  his  *  Pal^ntologie  Fran^aise.* 

The  President  then  turning  to  Mr.  Hamilton  spoke  as  follows :— - 

Mr.  Hamilton, — In  transmitting  to  Mr.  Lonsdale  the  proceeds 
of  the  Wollaston  Donation  Fund  for  this  year,  awarded  to  him  in  aid 
of  his  work  on  Fossil  Corals,  may  we  request  you  to  assure  him  of 
the  great  satisfaction  we  experience  in  finding  that  the  state  of  his 
health  permits  him  to  follow  up  investigations  of  so  much  importance 
to  our  science,  and  which  at  the  same  time  add  so  justly  to  that  re- 
putation which  he  has  acquired  in  this  branch  of  knowledge  ?  How- 
ever small  our  aid  may  be,  we  trust  that  it  will  be  received  as  a  mark 
of  the  continued  value  our  body  attaches  to  the  labours  of  one  to 
whom  while  an  officer  of  this  Society  it  stood  so  much  indebted  for 
his  great  and  indefati^ble  exertions. 

Mr.  Hamilton  said  in  reply,— 

Mr.  President, — I  shall  lose  no  time  in  forwarding  to  Mr, 
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LcmndiiJe  this  award  of  the  Ck>imcil,  and  of  assuring  him  of  the  inter- 
est still  felt  hy  the  Society  in  the  progress  of  his  labours.  I  b^ 
leave  in  Bir.  Lonsdale's  name  to  return  you  his  best  thanks  for  this 
mark  of  approbation,  and  to  state  that  I  am  certain  that  it  will  derive 
its  greatest  value  in  Mr.  Lonsdale's  estimation  from  the  circumstance 
of  its  assuring  him  that  his  memory  still  hves  in  the  recollection  of 
the  Ckok^;icaI  Society. 

After  the  other  proceedings  had  been  completed,  and  the  Officers 
and  Council  had  been  electee^  the  President  proceeded  to  address  Hie 
Meeting. 

ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT, 

SIR  HENRY  T.  DE  LA  BECHE,  C.B.,  P.R.S.  Ac 

Okntubmbn, — It  again  becomes  my  duty  to  address  you  on  our 
progress  during  the  past  year.  And  first  let  me  congratulate  you  on 
the  state  of  our  finances, — a  subject  of  no  small  importance  in  societies 
such  as  ours,  since  so  much  of  the  good  we  can  effect  must  depend 
upon  it.  Ton  will  have  found  from  the  R^rt  of  vour  Council  that 
the  receipts  have  so  far  exceeded  the  expenditure,  that  a  considerable 
sum,  beyond  the  balance  usually  retained,  now  stands  in  your  bankers' 
hands.  We  have  certainly  to  record  a  diminution,  by  three,  in  the 
nnmbers  of  our  body ;  but  when  we  view  this  with  reference  to  the 
general  state  of  pubtic  affairs  during  the  past  year,  and  to  the  total 
number  of  our  fellows  (894),  we  may  regard  this  also  as  matter  for 
congratulation,  more  particularly  when  we  compare  our  decrease  with 
that  which  has  been  experienced  by  many  other  societies  during  the 
same  time.  Your  Qui^rly  Journal  has  continued  to  be  published 
r^;ularly,  making  known  the  communications  of  our  colleagues 
shortly  after  they  have  been  read  in  this  room,  thus  most  materially 
aiding  the  progress  of  that  branch  of  knowledge  for  the  cultivation 
and  mlvance  of  which  we  are  associated. 

Loss  by  death,  which  from  our  numbers  it  must  always  be  the 
melancholy  duty  of  your  President  to  announce  at  this  season,  has 
diminished  our  body  by  seventeen. 

We  have  to  lament  the  decease  of  the  Rev.  John  Hailstone,  one  of 
the  first  Members  of  our  Society.  He  was  bom  near  London  in  1 759, 
and  after  receiving  his  early  education  at  Beverley  School,  Yorkshire, 
removed  to  Cambridge,  entering  first  at  Catherine  Hall  and  afterwards 
at  Trinity  College.  He  distinguished  himself  as  Second  Wrangler  for 
his  year  (1782),  Dr.  Wood  (late  Master  of  St.  John's)  being  Senior 
Wrangler,  and  Professor  Porson  and  other  distinguished  men  taking 
their  d^rees  at  the  same  time.  In  1 784  he  became  a  Fellow  of 
Trinity  College,  and  in  1 788  was  appointed  Woodwardian  Professor, 
an  office  which  he  held  for  thirty  years,  until  his  marriage  and  re- 
tirement to  the  vicarage  of  Trumpington  in  1818,  when  he  was  sue- 
ceeded  by  our  colleague  Professor  Sedgwick. 

62 


Digitized  by  VjOOQIC 


XX  PROCEEDINGS  OF  THE  GEOLOGICAL  80CIKTT. 

After  his  election  to  the  Woodwardian  Professorship  he  went  to 
Freiherg,  and  studied  under  Werner  for  about  a  year.  Upon  his  re- 
turn to  Cambridge  he  published  a  syllabus  of  a  course  of  lectures  on 
Greology  and  Mineralogy  ;  but  it  would  appear  that  he  never  obtained 
a  class.  It  has  been  supposed  that  he  was  discouraged  by  those  then 
in  power,  and  who  entertained  no  favourable  opinion  of  such  studies. 
However  this  may  have  been,  Mr.  Hailstone  never  lectured  as  Wood- 
wardian Professor ;  and  this  from  no  want  of  zeal  on  his  part,  for  he 
was  much  attached  to  geology,  as  his  many  additions  to  the  Wood- 
wardian Collection  at  Cambridge,  and  his  various  journeys  in  this, 
and  other  countries,  sufficiently  testify. 

Mr.  Hailstone  was  well-versed  in  ^neral  science,  and  esteemed  as 
a  mathematician.  Even  in  his  declming  years  he  studied  works  of 
high  modem  analysis.  He  was  the  earnest  and  untiring  promoter  of 
the  progress  of  knowledge,  as  well  among  the  poor  as  among  those 
placed  in  more  fortunate  circumstances.  During  the  long  period  of 
nis  residence  at  Trinity,  his  exertions  were  unwearied  in  sustaining 
the  hieh  repute  and  usefulness  of  that  distinguished  College,  and 
upon  his  retirement  to  Trumpington  the  education  of  the  poor  of  his 
parish  was  his  constant  care.  He  was  the  chief  contributor  to  the 
funds  of  his  parochial  schools,  and  at  his  death  they  were  hberally 
endowed  hj  him. 

Mr.  Hailstone  contributed  to  our  Society  a  paper  on  the  Geology 
of  Cambridgeshire,  inserted  in  vol.  iii.  1st  series  of  our  Transactions ; 
and  he  left  behind  him  many  journals  of  travels  and  correspondence, 
now  in  the  possession  of  ms  nephew,  the  Rev.  John  Hailstone,  of 
Bottisham,  near  Newmarket,  understood  to  be  interesting  as  show- 
ing the  state  of  Greology  thirty  and  forty  years  since.  He  died  at 
Trumpington,  on  the  9th  of  June,  1847,  in  the  88th  year  of  his  age, 
his  mmd  dear  until  within  a  few  hours  of  his  decease. 

In  Mr.  George  Cumberland  we  have  to  lament  the  loss  of  one 
o£  our  Honorary  Members,  of  whom  we  have  now  only  nineteen  re- 
maining. He  was  bom  in  London  on  the  9th  of  December,  1752, 
and  was  the  grandson  of  Mr.  John  Cumberland,  the  inventor  of  the 
process  of  bending  ship-timbers  by  steam,  in  the  experiments  con- 
nected with  which  this  gentleman  expended  his  whole  fortune,  about 
^16,000.  The  patent  for  the  invention  is  still  in  the  Cumberland 
family.  In  early  life  Mr.  Greorge  Cumberland  attended  as  an  hono- 
rary student  at  tne  Royal  Academy,  and  there  became  intimate  wiUi 
Banks,  Barry,  Flaxman,  Fuseli,  and  other  distinguished  painters  and 
sculptors  of  the  time.  He  spent  many  years  in  Italy,  and  returned 
to  this  country  about  1 792. 

Mr.  Cumberland  early  turned  his  attention  to  the  study  of  Geo- 
logy, and  was  elected  one  of  our  Honorary  Members  in  1810.  He 
gradually  formed  an  extensive  collection,  finally  purchased  and  pre- 
sented to  the  Museum  at  Manchester  by  Mr.  James  Heywood,  M.P. 
This  collection  is  rich  in  crinoidal  remains,  fossils  whicn  had  much 
engaged  the  attention  of  Mr.  Cumberland.  He  conununicated  two 
papers  to  our  Society,  one  on  a  Pentacfinus  from  Lyme  Regis,  a  new 
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£iicriiiiis,  and  a  Biiarian  Pentacrinns,  inserted  in  vol.  v.  of  the  l8t 
aeries  of  our  Transactions ;  the  other  memoir  heinf;  Remarks  on  the 
Strata  at  Stinchcombe,  near  Dursley,  Gloucestershire,  published  in 
Tol.  i.  of  our  2nd  series  of  Transactions.  We  have  also  a  MS.  description 
bj  Mr.  Cumberland,  sent  to  us  in  1818,  of  the  portion  of  the  Moun- 
tain Limestone  series,  exposed  on  the  Avon,  near  Bristol,  named  the 
Black  Rock.  He  also  published  in  1818,  at  Bristol,  a  work  entitled 
*  Retiquise  Conservatse,  from  the  Primitive  Materials  of  our  present 
Globe,  with  popular  descriptions  of  some  remarkable  Encrinites  and 
their  oonnectme  links.' 

Late  in  Hfe  he  occupied  himself  much  with  landscape  painting, 
and  he  has  left  many  hundred  water-colour  drawings,  finished  on  the 
spot,  of  scenes  in  the  vicinity  of  Bristol.  These  have  been  considered 
to  possess  much  merit  from  their  freshness  and  truth.  For  the  last 
ten  years  he  was  afflicted  by  blindness.  Though  so  great  a  calamity 
to  one  who  could  so  well  employ  his  sight,  he  stiU  continued  cheerful 
and  happy,  and  retained  his  faculties  until  the  day  of  his  death.  He 
expir^  at  Bristol  on  the  8th  of  August,  1848,  in  the  95th  year  of 
his  age. 

Dr.  Samuel  Hibbert  Ware  was  bom  at  Manchester  on  the 
21  St  of  April,  1782,  and  was  the  eldest  son  of  Mr.  Samuel  Hibbert, 
of  Clarendon  House,  Chorlton,  Lancashire.  He  was  first  destined 
for  the  army,  and  for  some  time  held  a  commission  in  a  militia  re- 
giment. Succeeding  to  an  independent  fortune,  he  passed  through  a 
course  of  medical  studies  in  order  the  better  to  fit  hun  for  those  pur- 
suits to  which  he  was  desirous  of  dedicating  his  time,  and  took  his 
d^ree  of  M.D.  in  the  University  of  Edinburgh  in  1816.  In  1817 
he  made  his  first  voyage  to  the  Shetland  Islands,  to  which  the  faci- 
lity of  access  was  then  very  different  than  at  present ;  and  among 
the  other  results  of  his  visit,  there  found  chromate  of  iron  in  con- 
siderable abundance.  At  the  request,  chiefly,  of  Professor  Jameson, 
he  again  visited  the  Shetlands  in  the  following  year,  with  the  view 
of  rendering  his  discovery  of  the  chromate  of  iron  publicly  useftil, 
and  of  completing  his  geological  surv^  of  those  islands.  For  his 
researches  connected  with  the  former  the  Society  of  Arts  awarded 
him  their  Gold  Isis  Medal  in  1820,  and  the  results  of  his  labours 
were  given  to  die  public  in  1822,  under  the  title  of  '  Description  of 
the  Shetland  Islands,  comprising  an  Account  of  their  Geology, 
Scenery,  Antiquities  and  Superstitions.'  Thoueh  occupied  much  by 
antiquarian  researches  and  other  inquiries,  incluoing  among  the  latter 
the  philosophy  of  apparitions,  upon  which  he  first  communicated  a 
paper  to  the  Royal  Society  of  Edinburgh,  and  afterwards  published, 
m  1824,  a  separate  work.  Dr.  Hibbert  did  not  neglect  his  geological 
pursuits.  After  examining  the  volcanic  districts  of  Italv,  France, 
and  parts  of  Grermany  durmg  two  or  three  years,  he  published,  in 
1832,  a  portion  of  his  observations  in  his  *  History  of  the  Extinct 
Yolcanos  of  the  Basin  of  Neuwied,  on  the  Lower  Rhine.'  In  1833 
he  communicated  to  the  Boyal  Sociel^  of  Edinburgh  a  memoir  "  On 
the  Freshwater  Limestone  of  Burdienouse,  in  the  neighbourhood  of 
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Edinburgh,  belonging  to  the  CarboniferouB  group  of  Bocks,''  a  paper 
which  you  will  recollect  attracted  no  slight  attention  at  the  time. 
He  would  appear  during  the  latter  part  of  his  life  to  have  prindpallj 
devoted  his  attention  to  archoeology,  respecting  which  he  has  left 
several  important  works.  After  his  return  from  the  cmitinent  be 
made  a  tour  through  Scotland,  more  especially  examining  the  sculp- 
tured stones  and  Runic  inscriptions  or  Forfarshire,  Ross-shire,  and 
other  places,  Mrs.  Hibbert  executing  elaborate  and  beauUful  draw- 
ings ot  them,  which  it  was  his  intention  to  have  published.  In  1837, 
Dr.  Hibbert  took  the  additional  name  of  Ware,  by  royal  license,  as 
the  representative  of  the  family  of  Mr.  James  Ware,  the  historian  of 
Ireland.  After  long  suffering  from  bronchitis.  Dr.  Hibbert  Ware 
expired  on  the  30th  of  last  December,  in  his  67th  year,  at  Hale 
Bams,  near  Altringham,  Cheshire. 


Sir  Thomas  Dick  Lauder,  Baronet,  was  bom  in  1 784,  and  ' 
the  son  of  Sir  Andrew  Lauder,  of  Fountain  Hall,  Edmburghshiie. 
In  early  life  he  entered  the  army,  but  upon  his  marriage  retired  to 
Relugas,  in  Morayshire,  where  he  passed  many  years.  His  active 
mind  did  not  permit  him  to  remain  idle,  and  we  find  him  early  en- 
giged  in  scientific  pursuits.  In  the  third  volume  of  the  Wemerian 
Transactions  he  gave  an  account  of  the  transport,  by  means  of  ice, 
of  a  large  boulder  on  the  shore  of  the  Moray  Frith.  Havine  made 
a  minute  examination  of  the  celebrated  Parallel  Roads  of  Giaaroy, 
he  forwarded  a  memoir  containing  the  results  of  this  investigation  to 
the  Royal  Society  of  Edinburgh,  and  the  paper  was  inserted  in  the 
9th  volume  of  their  Transactions.  In  1829  ne  drew  up  an  account 
of  a  ^eat  flood  in  Morayshire,  iuU  of  most  valuable  information  re- 
spectmg  that  remarkable  inundation.  About  1830  Sir  Thomas 
quitted  his  retirement  in  the  country  and  became  resident  in  Edin- 
burgh. Some  years  subsequently  he  became  Secretary  to  the  Board 
of  Trustees  of  Fisheries  and  Manufactures  in  Scotland.  With  his 
characteristic  desire  to  promote  all  that  was  valuable  in  art  as  well 
as  science,  he  exerted  himself  in  instituting  a  School  of  Desi^  at 
Edinburgh.  Success  attended  his  labours,  and  he  had  the  satisfac- 
tion of  seeing  that  establishment  in  a  high  state  of  efficiency  before 
his  death.  Sir  Thomas  Dick  Lauder  was  much  esteemed  in  private 
life,  and  ever  ready  to  encourage  rising  merit,  wherever  found.  He 
was  the  author  of  several  works  in  ima^native  Hterature  which  have 
been  extensively  read,  and  some  translated  into  French  and  German. 
He  died  in  May  1848,  in  his  64th  year. 

Edmund  Tyrell  Artis  was  bom  at  Sweflin,  near  Saxmundham, 
Suffolk,  in  1 789,  and  was  the  eldest  son  of  parents  in  easy  circum- 
stances. In  very  early  life  he  exhibited  that  talent  for  art  which 
enabled  him  even  to  paint  portraits  and  model  busts  in  clay,  and  was 
of  so  much  value  to  him  afterwards,  more  especially  in  his  antiqua^ 
rian  researches.  He  was  much  attached  to  the  study  of  geology,  and 
about  1816  or  1817,  and  for  many  years  afterwards,  spent  much  of 
his  time  in  collecting  fossil  plants  from  the  Yorkshire  and  Derbyshire 
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eoal-fieldfl.  He  eventaaUy  amassed  a  very  extensive  collection  of 
these  and  other  fossils,  and  in  1838  puhlished  a  work  entitled  '  Ante- 
dilnrian  Phytology,'  containing  numerous  plates  taken  from  his  own 
drawings.  The  dnief  latK)urs  of  Mr.  Artis  were  antiquarian,  and  his 
prindpiil  work  one  which  appeared  in  1823,  entitled  *  Roman  Anti- 
auities,  or  the  DurobriTse  of  Antoninus  identified,  in  a  series  of  plates 
illuBtratiTe  of  the  excavated  remains  of  that  Roman  station  in  the 
parish  of  Castor,  Northamptonshire.'  The  late  Earl  Fitswilliam 
liberally  asosted  him  in  the  publication  of  this  work,  and  he  also 
found  most  kind  patrons  in  the  late  Duke  of  Bedford  and  Lord  Hol- 
land. The  last  twenty-two  years  of  his  life  Mr.  Artis  passed  at 
Castor,  near  Peterborough,  ardent  in  the  pursuit  of  the  Roman  re- 
mains entombed  beneath  the  surface  around  him.  His  labours  were 
not  without  their  reward,  and  eventually  a  mass  of  information  and 
many  objects  of  interest  were  obtained.  It  is  recorded  of  him,  as 
illustrating  his  perserering  search  for  Roman  remains,  that  having 
discovered  at  Sibson  such  antiquities  (now  in  the  Wobum  collection^, 
he  bivouacked  with  his  men  in  the  depth  of  the  winter  of  1846-7  m 
a  wood  adjoining,  until  the  weather  caused  his  party  to  desert  and 
leave  him.  He  died  at  Doncaster  on  the  24th  of  December,  1847> 
and  his  remains  were  carried  to  the  churchvard  of  Castor,  where  they 
now  rest  in  the  centre  of  his  great  field  of  research,  the  old  Roman 
town. 

We  have  to  deplore  the  loss,  from  unong  our  foreign  members,  of 
the  great  chemist  Jacob  Berzelius.  TOs  justly  celebrated  man 
was  bom  m  1779^  at  Linkoping,  in  Eastern  (Gothland.  He  studied 
at  Upsala,  Gottingen,  and  Faris ;  Professor  Afselius^  a  nephew  of 
Berg^oan,  filling  the  chair  of  chemistry  when  he  was  at  the  former 
idaoe.  It  is  also  stated  that  Oahn,  the  discoverer  of  phosphorus  in 
Dcoies,  was  the  Swedish  master  of  chemistry  to  Berzelius. 

Benelios  would  appear  early  to  have  turned  his  attention  to  mine- 
ralogy,  a  science  which,  when  we  regard  its  important  bearing  upon 
many  points  in  geology,  we  may  hope  again  to  see  more  cultivated 
than  it  has  lately  been  in  this  country  by  those  who  occupy  them- 
selves with  geological  investigations.  In  1806,  Berzelius  and  Hi- 
ainger  commenced  a  periodical  work,  entitled  *  Afhandlingar  i  Fyrik, 
Kemi  och  Minendogi,'  which  extended  to  six  volumes,  the  last  being 
published  in  1818.  These  volumes  contain  forty-seven  papers  by 
Berzelius,  the  greater  part  consisting  of  the  analyses  of  minerals. 

In  1814  he  published,  in  Swedish,  an  octavo  tract,  entitled  *  An 
attempt  to  establish  a  pure  scientific  System  of  Mineralogy,  by  means 
of  the  Electro-chemical  Theory  and  the  doctrine  of  Chemical  Pro- 
portions.' He  therein  lays  it  down  as  a  principle  that  minerslogy  is 
only  a  part  of  chemistry,  and  that  the  chemical  is  the  only  scientific 
mode  of  treating  it.  He  viewed  each  mineral  compound  as  a  salt, 
consisting  of  an  acid  and  a  base,  and  considered  that  if  each  com- 
pound were  exposed  to  the  action  of  a  voltaic  pile,  one  'part  would 
be  attracted  to  the  positive,  the  other  to  the  negative  pole. 

In  a  paper  pubhshed  previously  (in  1811  or  1812),  taking  up  an 
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opinion,  also  thrown  out  by  Mr.  Smithson,  that  silica  acted  as  an 
acid,  he  called  the  combinations  of  silica  and  of  most  of  the  bases, 
siliciates.  Silidum  beings  as  you  are  aware,  (in  the  form  of  its  oxide,) 
the  most  abundant  of  Si  the  metals  knows  on  the  surface  of  our 
planet,  silica  constituting  from  64  to  75  per  cent,  of  granites,  whence 
so  many  other  rocks  have  been  deriyeo,  and  about  55  per  cent,  of 
greenstones,  the  importance  of  the  labours  of  Benelius  to  geology  in 
establishing  the  true  character  of  silica  will  be  at  once  i^predated. 

In  the  work  of  1814,  above  mentioned,  he  ftirther  explained  hb 
views  respecting  silica,  and  pointed  out  the  mode  of  calculating 
mineral  formula.  He  gave  49*64  as  the  atomic  weight  for  silica 
(that  now  used  is  51*96),  foralumina  46*7  (still  employed)  ;  and  he 
also  gave  numbers  nearly  the  same  as  now  used  for  magnesia,  lime, 
baryta,  soda  and  potash.  In  his  classification  of  minerals  he  di- 
vided them  into — 

I.  Bodies  formed  according  to  the  laws  of  compodtion  prevailing 
in  inorganic  nature,  t.  e.  combinations  of  two  elements,  or  combina- 
tions of  such  combinations,  or  binary  combinations. 

II.  Bodies  formed  according  to  the  laws  of  organic  nature,  t.  e, 
combinations  of  three  or  more  elements,  or  combinations  of  th^e,  or 
ternary  and  quaternary  combinations. 

The  elements  were  divided  into  three  classes :  1.  oxygen ;  2.  me- 
talloids, or  simple  combustibles  the  metallic  character  of  which  is 
not  established ;  and,  3.  metals.  Each  of  the  simple  elements  was 
considered  to  form  the  basis  of  a  mineralogical  family,  consisting  of 
itself  and  of  all  its  combinations  with  bodies  acting  in  an  electro-ne- 
gative maimer  towards  it,  t.  e.  occupying,  with  a  few  exceptions,  a 
higher  place  in  the  series  of  elements  whi£  he  gave.  These  families 
were  then  divided  into  orders,  as  sulphurets,  carburets,  arseniets,  td- 
lurets,  oxides,  sulphates,  muriates,  carbonates,  arseniates,  siliciates, 
&c.,  and  specimens  of  such  a  system  are  given  for  silver,  iron,  &c. 
In  an  appendix  to  this  memoir  Berzelius  gave  an  account  of  the 
method  of  determining  the  atomic  weight  of  the  elements,  as  also 
a  table  of  them  with  their  signs  and  numbers,  and  a  second  table 
of  their  combinations  with  oxygen. 

In  another  memoir,  published  in  1815,  he  defended  his  system 
from  objections  that  had  been  raised  against  it ;  ^ve  a  further  ex- 
planation of  his  views  of  the  constitution  of  mmerals;  criticised 
some  other  systems — ^those  of  Brunner,  Werner,  Hausmann,  Kar- 
sten,  Hauy,  and  others;  and  presented  a  complete  view  of  his  own 
classification,  with  the  names  of  the  species  and  their  chemical 
symbols. 

In  his  annual  report  to  the  Swedish  Academy  for  1822,  Ber- 
zelius criticised  Mohs'  system,  published  in  1820,  and  noticed  Mit- 
scherlich's  discovery  that  some  compounds  are  dimorphous,  and 
hence  that  Hauy's  principle  of  similarprimary  forms  implying  simi- 
lar composition  could  not  be  true.  He  also  then  noticed  Mitscher- 
lich's  doctrine  of  isomorphism,  as  the  most  important  discovery  in 
chemistry  since  that  of  cnemical  proportions,  and  as  likely  to  change 
the  whole  aspect  of  mineralogy.   It  may  be  here  observed  respecting 
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dunorphism  and  isomorphism,  that  the  known  dimorphous  bodies 
are  very  few,  not  more  than  iJK>at  ten  in  350  crystallized  minerals, 
and  tfaiat  the  isomorphoos  substances  being  ascertained,  the  great 
difficulty  at  first  contemplated  by  the  discovery  of  isomorphism  has 
not  been  felt.  M.  Dufroioy,  in  his  excellent  treatise  on  Mineralogy, 
well  observes,  that  '*  It  is  not  necessaiv  to  give  the  same  composition, 
that  minerals  should  exactly  contain  tne  same  weight  of  their  simple 
constituent  substances ;  it  is  sufficient  that  there  is  an  exact  relation 
between  the  bases  and  the  adds  they  contain,  or  between  their  iso- 
morphous  substances*." 

In  1824  Berzelius  published,  in  the  Transactions  of  the  Swedish 
Academy,  a  memoir  "  On  the  Changes  in  the  Chemical  System  of 
Mineralogy,  which  the  property  of  Isomorphous  Bodies  to  replace 
each  other  in  indeterminate  proportions  has  rendered  necessary. 

In  the  *  Jahresbericht '  for  1825  there  is  a  critique  on  Gmelin's 
system  of  mineralc^,  with  some  remarks  on  that  of  Mobs ;  and  in 
that  for  1846,  Beneuus  again  returns  to  the  subject  of  mineralogy. 
He  there  explains  the  chances  in  his  views,  and  gives  a  new  electro- 
chemical arrangement  of  the  elementary  bodies  according  to  which 
minerals  may  be  classified.  The  following  are  the  orders  he  then 
adopted : —  . 

I.  !Qementary  bodies.  v  \ 

II.  Combinations  of  metals  with  metals.  ^ 

III.  Combinations  of  simple  elements  with  elements  that  form 
bases  (Basenbildnem) — ^eleniets,  sulphurets,  &c. 

IV.  Combinations  of  simple  elements  with  elements  that  form 
salts  (Salzbildnem) — haloid  salts,  &c. 

y.  Combinations  of  the  more  electro-positive  oxides  (bases)  with 
the  electro-negative  oxides  (adds) — hydrates,  silicates,  carbonates, 
&c. 

This  system  has  been  worked  out  by  Rammelsbere.  The  great 
difficulty  was  still  the  isomorphous  elements.  When  less  than  2  or 
3  per  cent.,  Berzelius  neglected  them ;  when  more,  they  were  taken 
into  account,  so  that  some  minerals,  such  as  augite,  hornblende  and 
garnet,  have  to  be  repeated  in  different  places,  while  others,  having 
Uttle  in  common,  are  brought  together. 

The  *  Handbook  of  Chemistry,'  in  Swedish,  by  Berzelius,  which  con- 
tains much  mineralogy,  has  been  translated  into  Crerman  by  Wohler, 
and  his  '  Treatise  on  the  Blowpipe '  has  become  a  well-known  work 
in  different  languages.  He  made  numerous  analyses  of  minerals, 
besides  those  notic^  above.  Some  of  those  of  meteoric  stones  were 
published  in  1832,  and  in  the  '  Jahresbericht '  for  1836  he  had 
much  on  the  same  subject. 

The  analvsis  of  wavellite  by  Berzelius  is  a  good  example  of  the 
care  needed  in  such  investigations,  and  is  usefm  in  showing,  though 
made  so  long  since  as  181 9  f,  how  desirable  it  would  be  if  analyses 

*  Dv£c6noy,  Traits  de  Mln^ralogie,  tome  i  p.  19. 

t  Dr.  Thomson  remarks  (History  of  Chemistry,  voL  iu  p.  224)  that  an  analysis 
by  Fuchs  had  giyen  him  similar  results  in  1818,  though  Berzelius  did  not  appear 
to  hare  been  acquainted  with  it. 
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were  now  undertaken,  with  all  the  aid  the  present  state  of  chemistiT 
could  afford,  of  many  minerals  the  supposed  composition  of  which 
only  rests  upon  old  examinations.  Berzelius  found  waveUite  to  be  a 
hydrous  phosphate  of  alumina,  while  Sir  Humphrey  Dayy,  in  a  pre- 
vious analysis,  had  altogether  missed  the  phosphoric  acid.  In  hia 
turn,  however,  Berzelius  missed  phosphoric  acid  in  chalkolite,  whidi 
Mr.  Richard  Phillips  afterwards  found,  and  Berzelius  acknowledged 
as  correct. 

Berzelius  was  perpetual  Secretary  of  the  Academy  of  Sciences  of 
Stockholm,  and  numerous  academies  and  scientific  bodies  in  yarioua 
parts  of  the  world  honoured  themselves  by  enrolling  his  name  among 
their  members.  Such  was  the  value  attached  to  his  labours  by  his 
sovereign,  Charles  John  XIV .  of  Sweden,  that  he  placed  him  among 
the  hereditary  nobility  of  his  country,  creating  him  a  Baron.  Thou^ 
suffering  from  long  and  severe  ilmess,  wim  his  lower  extremities 
finally  paralysed,  Berzelius  continued  to  labour  in  that  science  to 
which  he  had  devoted  himself,  with  his  faculties  unimpaired,  until 
death  terminated  his  bodily  afflictions  on  the  7th  of  August,  1848,  at 
the  age  of  sixty-nine  years. 

With  reference  to  the  communications  made  to  us  since  the  last 
Anniversary,  we  will  endeavour,  as  last  year,  so  to  classify  them 
that  our  progress  in  the  various  branches  of  geological  research  may 
be  the  better  seen. 

GEOLOGICAL  SOCIETY  OF  LONDON. 

Accumulations  of  Mineral  Matter  now  taking  place. 

Bespecting  the  accumulation  of  mineral  matter  now  taking  place 
on  the  surface  of  the  earth,  mechanically  and  chemically,  by  aqueous 
and  chemical  means,  we  have  had  little  brought  before  us.  Mr. 
Dawson,  in  his  communication  ''on  the  Colouring  Matter  of  Bed 
Sandstones  and  of  Greyish  and  White  Beds  associated  with  them," 
mentions,  as  bearine  on  the  manner  in  which  variations  of  colour  may 
have  beenproduced,  certain  deposits  in  the  harbour  of  Pictou,  Nova 
Scotia.  Tiiree  rivers  and  several  minor  streams  carry  large  quanti- 
ties of  reddish  mud  during  floods  mto  the  harbour.  This  mud  set- 
tles on  the  bottom  and  undergoes  a  change  of  colour.  Old  mud 
taken  up  is  of  a  dark  tint,  emitting  a  strong  smell  of  sulphuretted 
hydrogen.  When  dry  it  is  grey,  and  Mr.  Dawson  considers  that  the 
iron  of  the  peroxide,  giving  the  original  red  tint  to  the  deposit,  has 
combined  with  the  sulphates  in  the  sea-water,  ''  by  the  deoxidating 
influence  of  decaying  vegetable  matter,  the  greater  part  of  which  ap- 
pears to  be  furnished  by  the  eeUgraas  (Zostera  marina),  which  grows 
abundantly  in  the  mud  flats."  This  the  author  notices  as  explaining 
the  occurrence  of  iron  pyrites  amid  organic  matter  in  rocks.  The 
vegetable  matter  is  mentioned  as  so  completely  decomposed  in  some 
parts  of  Pictou  Harbour  that  no  trace  of  it  remains,  as  if  the  carbon 
nad  been  entirely  removed  as  carbonic  add  also  in  part  formed  at 
the  expense  of  the  peroxide  of  iron. 
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I  need  scarcely  remind  you  that  the  manner  in  which  iron  pyrites 
is  formed  nnder  certain  conditions,  when  organic  matter  is  present,  is 
now  well  understood.  Perhaps  one  of  the  most  illostratiye  cases  is 
that  of  the  formation  of  iron  pyrites  from  the  decomposition  of  the 
bodies  of  mice  in  a  solution  oi  sulphate  of  iron,  described  hyMr. 
Pepys,  in  181 1,  in  the  first  series  of  our  Transactions,  toL  i.  There 
is  also  an  instance  of  a  dog  having  fallen  down  a  mine-shaft  near 
Mousehole,  Cornwall,  at  the  bottom  of  which  there  appears  to  have 
been  a  solution  of  sulphate  of  iron.  Its  remains,  when  disco- 
yered  some  time  afterwards,  were  found  surrounded  by  sulphuret  of 
iron.  In  such  cases,  the  hydrogen  evolved  from  the  decomposition 
of  the  animal  matter  would  appear  to  take  the  oxygen  both:  m>m  the 
sulphuric  acid  and  oxide  of  iron,  so  that  iron  pyrites,  or  bisulphuret 
of  iron,  is  produced.  Artificial  iron  pyrites  has  also  been  formed 
in  the  dry  way.  The  ammoniacal  liquor  of  gas-works  contains  much 
sulphuretted  hydrogen.  An  instance  is  known  where,  in  employing 
this  liquid  in  the  manufacture  of  sal  ammoniac,  the  sulphur  of  the 
sulphuretted  hydrogen  combined  with  the  iron  of  the  vessel  in  which 
the  operation  vraa  conducted,  and  formed  crystallized  iron  pyrites  of 
a  bright  yellow  colour,  which  have  retained  their  lustre  dunng  many 
years  to  the  present  time. 

In  a  note  on  the  Souffri^re  of  St.  Vincent,  Major  Henry  Davis 
calls  attention  to  the  evidence  of  eruptions  prior  to  that  of  1812, 
when  such  an  abundance  of  ashes  was  vomited  forth  from  this  vol- 
cano and  scattered  to  great  distances.  He  found  beds  of  vegetable 
matter  interstratified  with  volcanic  layers,  marking  times  of  repose 
when  parts,  at  least,  of  the  mountain  could  be  clothed  by  plants ;  and 
he  observes,  that  in  some  instances  we  may  conclude,  from  the  thick- 
ness of  the  vegetable  beds,  long  intervals  of  time  to  have  elapsed 
between  the  eruptions.  The  manner  in  which  a  succession  of  vol- 
canic eruptions  may  be  thus  geologically  chronicled  is  not  only  inter- 
esting in  itself,  but  such  facts  as  Major  Davis  notices  are  vieduable 
as  illustrating  the  mode  in  which,  during  the  long  lapse  of  geol(^;ical 
time  since  adies  were  ejected  from  volcanic  vents  (and  we  nave  rea- 
son to  conclude  that  such  were  driven  out  from  various  parts  of  the 
earth's  surface  at  very  early  periods),  not  only  may  vegetable  matter 
have  been  imbedded  amid  ashes,  but  the  remains  of  animal  life  also. 
Certainly  the  chances  of  preserving  these  remains  when  the  move- 
ments on  the  earth's  crust  were  such  as  to  depress  volcanic  districts 
beneath  the  sea  are  but  small.  We  have  only  to  consider  the  effects 
which  would  be  produced  by  sinking  any  modem  volcanic  region, 
such  as  Etna  or  V  esuvius,  or  any  district  of  extinct  volcanos,  such  as 
Central  France,  beneath  the  sea,  to  judge  of  the  slight  chance  of 
preserving  such  alternations  of  vegetable  matter  and  volcanic  ashes 
and  cinders  from  removal  by  the  breakers  as  they  slowly  worked 
upon  the  slightly  coherent  materials.  Supposing  a  gradual  descent 
of  the  land,  so  that  finally  the  whole  volcanic  region  would  be  sub- 
merged, we  should  scarcely  expect  any  of  the  loose  materials  to  re- 
main as  accumulated  in  the  atmosphere,  but  to  be  spread  about  be- 
neath the  water  by  tidal  streams,  or  ocean  and  sea  currents.    Under 
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such  conditionB,  perhaps,  some  of  the  harder  remains  of  land  animals, 
even  of  successiye  geological  times,  mi^ht  occasionally  be  mingled 
with  those  of  the  marine  creatures  existing  around  the  land  as  it  be- 
came submerged.  When  we  consider  the  effects  which  would  be  pro- 
duced upon  liuids  gradually  sinking  beneath  the  sea,  and  more  espe- 
cially when  such  lands  are  volcanic,  we  at  once  peroeive  the  small 
chance  of  preserving  any  large  portion  of  the  loose  materials,  with  or 
without  animal  and  yegetabie  remains,  in  the  state  in  which  they 
may  have  occurred  on  such  dry  land.  Curious  associations  of  roclu 
might  result  from  the  harder  parts  of  a  volcano,  those  formed  of 
various  lava  currents,  remaining,  while  the  softer  portions,  such  as 
ashes  and  cinders,  were  removed  by  the  breakers,  new  marine  accu- 
mulations intermingling  with  the  old  lava  currents.  Should  the  sea 
again  cover  the  Great  Desert  of  Northern  Africa,  its  sands  would  be 
remodelled  into  beds,  and  would  contain,  intermixed  with  them,  such 
bones  of  men,  camels  and  other  animals  as  were  sufficientiy  hard 
to  resist  the  friction  of  the  breakers  until  they  were  buried  in  the 
new  marine  beds  with  the  remains,  perhaps,  of  the  marine  creatures  of 
the  time.  In  such  cases,  as  also  in  those  of  volcanos,  there  would  be 
Uttle  trace  of  the  old  tracts  of  dry  land,  the  portions  of  the  latter 

Preserved  being  chiefly  beds,  such  as  hmestone,  more  or  less  consoli- 
ated  from  having  been  formed  in  lakes,  rivers,  or  as  suba^rial  tra- 
vertine, and  lava  currents  or  other  ejections  of  molten  rocks  up<Hi 
the  land,  these  latter,  when  covered  by  deposits  formed  in  water, 
showing  no  traces  of  having  been  so  thrown  out  on  dry  land,  although 
sometimes  the  pumice  character  of  such  rocks,  however  the  vesic^ 
may  be  now  filled  up  by  solid  matter  infiltrated  into  them,  may  lead 
us  to  suspect  that  they  may  have  been  vomited  upon  dry  land. 

Mode  in  which  Mineral  Matter  has  been  accumulated  at  previous 
Oeological  times. 

Mr.  Darwin,  in  his  paper  "  on  the  Transportal  of  Erratic  Boulders 
from  a  Lower  to  a  Hisher  Level,"  after  noticing  the  facts  seen  in  va- 
rious European  and  American  localities,  and  which  appear  to  show 
that  such  transportal  had  actually  taken  place,  and  after  quoting  the 
observations  of  himself.  Prof.  John  Phillips,  Mr.  Hopkins,  Mr. 
Maclaren,  Mr.  D.  Milne,  the  Rev.  J.  G.  Gumming,  Mr.  Mallet, 
Prof.  Hitchcock,  and  Dr.  Buckland,  takes  into  consideration  certain 
causes  which  have  been  thought  to  have  produced  this  distribution  of 
boulders  at  higher  levels  than  the  supposed  parent  rock  is  now  known 
to  occupy.  After  admitting  that  the  destruction  of  rocks  in  some 
localities  may  have  been  such,  that  fragments  from  them  may  have 
been  detached  and  drifted,  when  portions  of  them,  since  removed,  oc- 
cupied higher  levels  than  they  now  do,  leveb  sufficiently  high  to  ac- 
count for  the  removal  of  boulders  to  those  places  where  they  are  now 
found,  and  having  also  taken  into  consideration  the  value  of  uneoual 
elevations  of  parts  of  land  since  the  boulders  were  dispersed,  Mr. 
Darwin  proceeds  to  investigate  the  effects  which  would  be  produced 
by  coast  ice  upon  a  land  gradually  sinking  beneath  the  level  of  the 
sea.    He  adverts  to  the  transportal  of  boulders  by  glaciers  and  coast 
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iee^  ts  noticed  by  bim  in  his  communication  to  this  Society  upon  the 
Boulders  of  the  Southern  Hemisphere'*',  pointing  out  the  <ufiferent 
e£Eects  produced  by  these  rarious  modes  or  transport.  He  remarks 
that  the  firagments  of  rock,  "  from  being  repeatedly  caught  in  the 
ice  and  stranded  with  violence,  and  from  being  every  summer  ex- 
posed to  common  littoral  action,  will  generally  be  much  worn ;  and 
ntHn  being  driven  over  rocky  shoals,  probably  often  scored.  From 
the  ice  not  being  thick,  they  will,  if  not  drifted  out  to  sea,  be  landed 
in  shallow  plac^  an(C  from  the  packing  of  the  ice,  be  sometimes 

I  le 


driven  high  up  the  beach,  or  even  left  perched  on  ledges  of  rock.^ 

Our  cdleague  then  proceeds  to  state  the  effects  which  would  be 
produced  by  the  slow  sinking  of  a  mass  of  land  in  regions  where 
coast-ice  could  be  formed,  and  the  probable  transportal  of  coast  frag- 
nwnts  to  higher  levels  as  the  land  descended,  so  that,  at  subsequent 
geological  periods,  when  the  land  was  again  elevated,  the  hills  and 
mountain  sides  might  be  strewed  over  with  fragments  of  rocks,  the 
parent  mass,  from  whence  they  might  have  been  derived,  occupying 
lower  levels. 

Among  the  effects  produced  by  the  sinking  of  masses  of  land  gra- 
dually beneath  the  level  of  the  sea,  and  their  emergence  also  m  a 
sradual  manner, — movements  which  the  present  state  of  geological 
knowledge  would  lead  us  to  suppose  had  been  common  during  the 
lapse  of  geolc^cal  time,  though  not  to  the  exclusion  of  more  violent 
movements  (which,  however  vast  they  may  appear  to  creatures  of 
our  magnitude,  examining  minor  portions  of  the  earth's  surface,  are 
by  no  means  so  when  we  r^ard  them  relatively  to  the  volume  and 
siqpo^cies  of  the  whole  globe), — ^this  removal  of  shingle  and  boulders, 
with  occasional  angular  fragments,  at  times  and  places  where  coast 
ice  could  be  formeo,  could  scarcely  but  have  happened.  We  have 
only  to  consider  the  coasts  of  Northern  Europe  or  of  Northern 
America  to  be  gradually  smking  to  see  how  probable  this  would  be. 
Indeed  the  facts  seen  in  connection  with  the  distribution  of  boulders 
and  gmvel  in  those  regions,  not  forgetting  a  part  of  the  scorine  of 
the  solid  rocks,  would  seem  to  require  an  expluiation  of  this  kind  in 
aid  of  other  modes  of  the  transport  of  rock  fragments,  none  of  which 
should  be  forgotten  when  we  regard  the  sinking,  rising,  or  stationary 
character  of  land  in  icy  regions.  Among  these  we  should  not  omit, 
for  any  value  it  mi^  possess  from  local  conditions,  the  upsetting  of 
icebem  of  the  kind  noticed  off  Victoria  Land.  At  one  sudden  twirl 
the  r^tive  levels  of  angular  fragments,  shingles  and  boulders  may 
be  changed  by  1000  feet  or  more.  What  might  become  of  such 
fuddeiily  elevated  portions  of  rocks  would  depend  upon  conditions ; 
and  we  nave  to  inquire,  in  the  first  place,  by  what  geological  changes 
the  gravel  and  boulders  thus  picked  up  came  into  a  position  where 
there  were  no  forces  to  round  them.  They  might  in  the  first  in- 
stance have  been  carried  from  the  land  by  coast  ice,  and  drifted 
seaward,  or  may  be  submerged  portions  of  old  beaches,  the  relative 
levels  of  sea  and  land  having  changed.  With  regard,  however,  to 
this  mode  of  suddenly  altering  the  level  of  boulders,  we  have  to  re- 
*  Geol.  Trans.  voL  vi.  2iid  series,  p.  430. 
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coUect  that  after  the  upsetting  of  an  iceberg,  such  as  those  off  Vic- 
toria Land  and  its  adjoining  icy  barrier,  there  still  would  be  a  large 
mass  of  ice  beneath  the  surface  of  the  sea,  preventing  the  icebere  from 
floating  into  shallow  water.  We  endeavoured  to  show  in  the  Address 
of  last  year  what  would  happen  to  these  icebergs  as  they  floated  into 
milder  regions.  From  the  thickness  of  the  supportii^  ice  becoming 
less,  and  merely  su^cient  to  float  the  coating  of  grayeland  boulders, 
not  only  might  this  detritus  be  borne  to  considerable  distances,  but 
be  really  elevated  above  its  former  level.  We  merely  allude  to  this 
circumstance  of  mud,  gravel  and  boulders  being  picked  up  at  a  depth 
of  1000  or  1 100  feet,  and  brought  by  the  upsetting  of  the  iceberg  to 
a  higher  level,  that  it  may  be  borne  in  mind,  though  it  would  not 
so  well  explain  the  changes  of  level  noticed  within  a  few  miles,  once 
in  its  original  climate  mere  might  not  be  sufficient  waste  of  the 
supporting  ice  to  allow  of  the  whole  floating  into  shallow  water,  the 
raismg  of  coast  ice,  as  supposed  by  Mr.  Darwin,  being  apparently  an 
efficient  and  much  better  agent. 

The  modification  in  the  original  levels  of  gravels  and  boulders  by 
the  sinking  and  rising  of  masses  of  land,  more  particularly  in  tidal 
seas,  where  the  heights  of  tides  in  different  locahties,  and  therefore 
the  height  of  coast4)eaches,  would  vary  considerably  according  to  the 
conditions  existing  at  particular  times,  is  of  itself  highly  interesting, 
and  it  becomes  uie  more  so  when  we  have  to  consider  the  effects  of 
ice,  either  in  the  shape  of  shore  ice,  common  sea  floes  forcing  shin- 
gles before  them,  or  glacier  ice  on  such  coasts.  Our  colleague  has 
&erefore  done  good  service  in  thus  showing  how  important  it  is  pro- 
perly to  value  me  effects  of  coast  ice  when  we  have  to  consider  the 
manner  in  which  gravel  and  boulders,  now  at  higher  levels  than  their 
known  parent  masses,  may  have  been  transported  to  such  situations. 

In  the  paper  of  Mr.  Smith,  of  Jordan  Hill,  on  Scratched  Boulders, 
he  alludes  to  his  communication  to  this  Society,  in  1845,  in  which 
he  mentioned  two  boulders  on  the  shores  of  the  Gare  Loch,  Dun- 
bartonshire, half  imbedded  in  the  till,  both  grooved  in  the  same  di- 
rection, namely  from  N.N.W.  to  S.S.E.,  and  concluded  that  the 
parallelism  was  not  accidental.  Other  boulders  were  subsequently 
found  by  Mr.  Maclaren  and  Mr.  Smith  grooved  in  the  same  direction, 
that  of  the  axis  of  the  valley  forming  the  trough  of  the  Gbure  Loch. 
Mr.  Smith  observes  that,  whatever  may  have  been  the  cause  of  the 
grooving,  the  grooves  themselves  were  made  subsequent  to  the  depo- 
sition of  the  tin  in  that  locaHty,  and  points  out  the  difference  between 
the  till  and  glacier  moraines  to  which  it  has  been  likened. 

Without  attempting  to  account  for  the  particular  phsenomena  moi- 
tioned,  Mr.  Smith  thinks  it  must  be  admitted  that  scratches  and 
furrows  in  rocks  must,  in  many  instances,  be  ascribed  to  glacial  action, 
either  in  the  shape  of  icebergs  or  of  glaciers,  and  considers  that  such 
action  must  have  been  in  force  in  Great  Britain,  supposing  its  gene- 
ral temperature  to  have  once  been  sufficiently  low.  He  alludes  to 
the  views  of  Mr.  Darwin  respecting  the  depression  of  land  and 
the  consequent  relative  raising  of  ice-borae  boulders  on  the  new 
shores ;  and  concludes  that  there  is  evidence  of  a  descent  of  the 
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land  in  the  basm  of  the  Clyde,  when  the  chmate  was  colder  thin 
at  presraity  lofficiently  rapid  to  have  entombed  alive  the  then  testa- 
ceous inhabitants  of  the  sea  (Httoral  and  sub-Uttoral  creatures,  Myti" 
bu  eduU$  among  them),  covering  them  with  a  considerable  depth  of 
fin(^  laminated  day. 

The  shells  in  the  shelly  beds  are  noticed  as  in  place,  '^the  bi- 
valves with  both  valves  adherent,  still  covered  with  epidermis,  and 
the  borers  in  their  vertical  position."  Under  a  movement  of  this 
kind  Mr.  Smith  supposes  the  ice  upon  the  shores  to  have  been  floated 
to  a  higher  level,  bearing  up  the  fragments  of  rock  encased  in  or 
sogported  by  it. 

Though  many  grooves  and  scratches  observable  upon  the  solid 
rocks  and  boulders  may  have  arisen,  as  has  been  supposed^  from  the 
action  of  ^aders,  coast  ice,  river  ice,  and  the  cruuiing  of  ice-floes 
against  the  land--«ll  varieties  of  glacial  action  which  Lavc  to  be  re- 
garded when  we  consider  the  effects  which  may  be  produced  over  gla- 
cial countries  and  their  shores, — ^there  are  other  groovings  which  re- 
quire to  be  carefully  distinguished.  In  the  contortion  and  squeezing 
of  strata  the  movement  has  been  sometimes  such,  that  by  the  sliding 
of  bed  upon  bed,  friction  grooves  and  scratches  have  been  produced, 
which  may  be  readily  mist&en  for  the  others.  Again,  we  flna  detritus, 
the  pebbles  and  boulders  of  which  are  scratched  as  well  as  the  sup- 
porting rocks,  as  if  the  whole  mass  had  had  an  onward  movement 
with  sufficient  friction  of  parts  to  scratch  the  pebbles  and  subjacent 
rocks.  Sheets  of  ice,  restmg  upon  the  bottom,  such  as  much  of  the 
great  icy  barrier  appears  to  do  near  Victoria  Land,  might  indeed 
press  heavily  and  slowly  over  such  a  bottom,  and,  if  it  were  formed 
of  pebbles  or  boulders,  scratch  and  groove  the  latter,  as  well  as  the 
supporting  rock,  in  general  directions.  At  the  same  time  we  have 
to  regard  the  friction  of  a  mass  of  loose  materials  moving  by  any 
means  in  some  given  direction,  as  has  been  brought  under  the  notice 
of  geologbts  by  Mr.  Mallet.  Every  block  of  rock  in  the  course  of  a 
river  wmch  can  be  moved  along  during  a  flood,  without  being  caught 
op  in  mechanical  suspension,  would  grate  along  a  bottom,  tending  to 
scratch  and  groove  the  latter,  and  its  own  lower  portion.  When  the 
volume  and  vdodty  of  the  water  were  sufficiently  great,  and  the 
form  of  the  river  course  variable,  the  blocks  caught  up  at  one  time 
in  mechanical  suspension  and  not  at  another,  would  fall  to  the  bottom 
from  time  to  time,  grooving  and  scratching  it.  These  and  other 
causes  of  scratching  and  grooving  have  to  be  wdl  taken  into  account, 
as  also  artificial  scratches  and  grooves,  sometimes  without  due  inves- 
tigation attributed  to  glacial  action. 

We  have  also  carefiuly  to  look  into  the  bars  and  mounds  regarded  as 
andent  moraines,  since  some  of  these,  upon  close  investigation,  have 
been  found  to  show  that  their  component  parts  have  been  arranged  by 
moving  water ;  the  mode  in  which  the  blocks,  pebbles  and  sand  are 
distributed  proving  this.  We  have  frequently  also  to  guard  our- 
sdves  from  supposmg  that  the  larger  blocKs  of  such  deposits  as  the 
so-called  boulaer  day  and  till  of  various  districts  in  our  own  country, 
have  been  always  accumulated  in  greater  numbers  on  the  top,  or  m 
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the  valleys,  of  such  deposits;  it  being  often  clear  that  they  aoAj 
appear  so  thickly  strewea  over  itte  surface  becaose  the  smaller  portioiis 
have  been  remored  from  the  general  mass,  so  that  the  blodu  stand 
out  in  more  salient  relief  and  apparently  in  greater  multitude. 

In  his  observations  on  the  recent  formations  in  the  vidmty  of 
Edinbuigh,  Mr.  James  Nicol,  after  alluding  to  the  general  view  taken 
by  Mr.  Mjlae  of  that  district,  and  remarking  wat  the  'till*  m 
boulder  clay  has  been  usually  resarded  as  exhibiting  no  marks  of 
stratification,  and  hence  considered  to  have  been  the  result  of  some 
sudden  and  violent  action,  adduces  hcU,  brought  to  light  by  sectioia 
upon  the  Edinburgh  and  Leith  Railway,  which  would  snow  a  gradual 
accumulation  of  the  days,  sands,  gravels  and  boulders  thane  cut 
through.  He  refers  the  effects  seen  to  continued  and  variable  agents, 
the  cbys  and  sands  derived  from  the  adjoining  coal-measures,  and 
the  boulders  transported  by  ice  and  entangled  in  the  roots  of  floating 
trees.  He  points  to  the  mode  in  which  boulders,  dropped  upon  a 
mud-bottom,  would  descend  irr^ularly  into  it,  such  mass  of  miMl  not 
necessarily  being  stratified  although  formed  gradually. 

Mr.  Nicol  considers  that  the  facts  observed  would  justify  the  con- 
clusion that  there  had  been  elevation  and  depression  of  the  sea-bottom 
during  these  recent  accumulations.  With  respect  to  the  erratic 
block^  he  thinks  that,  ftom  the  remarkable  accumulation  of  them  on 
the  Pentland  Hills,  this  range  of  mountains  may  have  stopped  thdr 
passage  in  a  southward  direction.  A  block  of  mica  slate  near  Habbie*s 
How,  supposed  to  have  travelled  forty  miles,  is  estimated  to  weigh  six 
or  eight  tons.  In  some  places  they  appear  to  form  long  and  nearly 
straight  lines,  having  a  N .N.W.  and  S.o.E.  direction,  "  without  any 
reference  to  the  present  declivity  of  the  ground,  except  that  they 
seemed  to  become  more  numerous  towards  the  summit  of  the  ridse. ' 
With  regard  to  their  occurrence  above  the  level  of  the  sea,  Mr.  Nicol 
states,  that  upon  one  hill  he  found  '  these  travelled  stones '  particu- 
larly abundant  at  the  height  of  from  1500  to  1600  feet. 

Referring  to  certain  sandstone  and  trap  boulders  at  a  higher  level 
than  the  usual  mass  of  the  same  rocks  in  the  adjoimng  country,  thou^ 
there  may  be  a  few  points  at  the  same  height,  six  or  eight  miles  di- 
stant, Mr.  Nicol  thinks  that  the  configuration  of  the  shores  and  rela- 
tive distribution  of  land  and  water,  if  the  land  were  depressed,  would 
scarcely  be  such  as  to  justify  the  supposition  that  the  blocks  were 
gradually  raised  to  higher  leveb  by  means  of  coast  ice  as  the  land  be- 
came depressed.  He  rather  supposes  that  there  may  have  been  unequal 
elevations  of  land,  carrving  up  the  detritus,  resting  upon  the  dislocated 
masses  to  different  heights ;  or  so  changing  the  relative  levels  that 
the  rocks  whence  the  boulders  were  derived  may  then  have  been  the 
higher  though  now  lower.  In  proof  of  this  he  quotes  Mr.  Milne  as 
enumerating  52  faults  in  this  district  **  raising  the  strata  to  the  south 
5169  feet,  and  37  others  which  raise  them  2412  feet  in  the  opposite 
direction ;  the  most  extensive  slip  having  thrown  the  strata  400  to 
500  feet  down  to  the  north."  Calling  our  attention  to  the  kind  of 
movement  now  taking  place  in  Scandmavia,  Mr.  Nicol  remarks,  that 
if  there  was  a  similar  movement  between  London  and  Anglesea, — 
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the  angnlar  motioii  amounting  to  one  degree,  and  therefore  scarcely 
peroeptibley — ^Anglesea  would  be  gunk  20,000  feet  below  the  IctcI 
of  the  sea :  and  he  proceeds  to  observe  how  far  more  probable  such 
moTements  are,  than  that  which  lifts  whole  continental  masses  in  an 
exactly  yertical  direction. 

In  his  remarks  on  the  colouring-matter  of  red  simdstones  and  of 
greyish  and  white  beds  associated  with  them,  Mr.  Dawson  describes 
Uie  accumulations  of  Nova  Scotia  forming  the  lower  part  of  the  car- 
boniferous system  of  that  country,  showing  the  manner  in  which  the 
peroxide  of  iron,  which  forms  the  red  colour  of  many  of  the  beds,  is 
diffused  through  the  mass  of  the  clays  and  shales,  mingles  with  the 
cementing  matter  of  the  sandstones,  and  stains  the  surfaces  of  the 
pebbles.  He  also  points  to  the  admixture  of  these  red  beds  with  the 
other  kinds  of  strata  not  so  coloured,  such  as  dark  grey  simdstones 
and  shales,  some  beds  with  scarcely  any  ferruginous  matter,  others 
with  small  quantities  of  carbonate  and  sulphuret  of  iron.  A  consi- 
derable thickness  of  these  dark  beds  contains  fossil  plants,  bituminous 
matter,  or  thin  seams  of  coal.  He  also  mentions  limestones  and  syp- 
sum.  Mr.  Dawson  supposes  the  peroxide  of  iron  of  the  red  becb  to 
hare  been  mainly  derived  from  the  decomposition  of  the  iron  pyrites 
contained  in  the  Silurian  and  metamorpnic  rocks ;  and  thinxs  that 
the  sulphuric  add  which  may  have  been  formed  might  have  united 
with  calcareous  matter  accumulated  by  molluscs  and  corals  and  have 
formed  ^vpsum,  and  that  decomposing  vegetable  matter  prevented 
the  iron  nom  remaining  as  the  peroxide  in  beds  assodated  with  the 
red  beds,  and  not  of  a  red  colour. 

The  cause  of  the  wide  distribution  of  red  beds  of  clays,  shales,  sand- 
stones and  conglomerates,  occurring  as  they  do  of  all  p;eological  ages, 
from  the  lowest  to  the  highest  sedunentary  deposits,  is  one  of  much 
interest.  We  find  these  beds  most  frequently  intermingled  with  strata 
of  bluish  green,  greenish,  and  grey  tints,  some  even  quite  colourless. 
Upon  carefully  examining  many  of  these  deposits  we  see  that  some- 
times the  different  tints  were  original,  the  drift  having  been  mingled 
with  peroxide  of  iron  at  one  time  and  not  at  another ;  and  again  we 
observe  effects  which,  as  you  are  well  aware,  have  of  late  years  been 
attributed  to  the  action  of  decomposing  organic  substances  upon  the 
peroxide  of  iron,  in  the  maimer  advert^  to  by  Mr.  Dawson,  so  as  to 
^convert  the  peroxide  into  a  protoxide,  carbonic  add  being  formed 
partly  at  the  exjiense  of  the  peroxide  of  iron. 

PaUBontology. 

In  his  remarks  on  the  internal  structure  of  Halonia,  Mr.  Dawes 
considers  that  this  fossil  plant  should  be  referred  to  the  vascular 
Cryptogamise,  and  that  when  compared  with  the  plants  found  in  the 
coal-measures,  its  nearest  affinity  is  to  the  Lepidodendron.  He 
points  out  "  that  a  narrow  ring  of  very  regular,  compact,  elongated 
tissue  exists  on  the  outer  portion  of  the  cortical  zone,  similar  to  the 
prosenchymatous  arrangement  mentioned  as  occurring  in  the  corre- 
sponding part  of  the  Lepidodendron."  He  also  remarks  that  '*  the 
medullary  column  does  not,  either  in  the  Lepidodendron  or  the  Ha- 
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Ionia,  consist  of  the  usnal  parenchymatous  tissue,  but  seems  to  be 
composed  of  large  quadrangular  cells  arranged  in  perpendicular 
series,"  and  as  if  "  each  minute  column  was  confined  withm  a  slight 
membrane  or  tube.** 

Remarks  were  also  sent  us  by  Mr.  Dawes  on  the  structure  of  the 
Calamite,  which  haye,  however,  not  been  published  in  full,  as  sub- 
sequent observations  have  afforded  him  additional  evidence  respect- 
ing it.  In  the  notice  nven  in  our  '  Journal,*  he  mentions  circum- 
stances which  induce  him  to  infer  that  the  Calamites  will  serve  to 
connect  three  great  classes  of  the  v^table  kingdom. 

We  have  again  to  record  the  advance  of  our  knowledge  in  fossil 
fishes  from  the  labours  of  Sir  Philip  Eeerton,  who  has  continued 
with  unabated  zeal  to  cultivate  this  branch  of  Palaeontology.  In  the 
communication  entitled  '' PaUchthyologic  Notes,  supplemental  to 
the  works  of  Professor  Agassiz,**  he  points  out  that  the  study  of  fossil 
fishes  had  not  kept  pace  with  the  aavance  made  in  other  departments 
of  palseontolc^,  notwithstanding  the  eminent  success  which  attended 
the  labours  of  the  Professor.  He  shows,  by  reference  to  the  general 
table  of  fossil  fishes  accompanying  the  last  part  of  Professor  Agassic's 
work,  and  deducting  the  fishes  of  the  old  red  sandstone,  whidi  hare 
been  subsequently  described,  that  389  species,  given  in  that  table, 
have  neither  been  figured  nor  described.  As  the  return  of  Professor 
Agassiz  to  Europe  would  appear  distant.  Sir  PhiUp  Egerton  intends 
from  time  to  time  to  communicate  to  our  Society  notices  of  fossil 
fishes,  which  may  be  considered  supplemental  and  auxiliary  to  the 
works  of  the  Professor,  a  resolve  upon  which  we  have  great  reason 
to  congratulate  ourselves. 

The  first  notice  was  a  paper  by  Sir  PhiUp  Egerton  and  Mr.  Hugh 
Miller,  and  those  who  were  present  in  this  room  when  the  communi- 
cation was  read,  will  not  fail  to  recollect  the  beautiful  paper  model 
made  by  the  latter  to  illustrate  the  structure  of  that  strange  fish, 
the  Pterichthys,  and  the  anxiety  of  the  former  to  do  justice  to 
the  skill  and  perseverance  with  which  Mr.  Hugh  Miller  had  laboured 
at  the  fishes  of  the  old  red  sandstone.  In  thu  notice,  after  mention 
of  previously  known  species,  a  new  species,  named  Pteriehthya  qua^ 
draiut  by  Sir  Philip  E^rton,  is  described  and  figured.  The  genus 
Pamphractus,  of  Agassiz,  is  not  considered  well-founded,  the  speci- 
mens which  gave  rise  to  it  being  portions  of  a  Pterichthys. 

Sir  Philip  Egerton  considers,  with  Agassiz,  that  the  Pterichthys 
was  a  ground  fish,  living  on  the  mud  and  sand  at  the  bottom  of  the 
sea,  and  shows  that  from  the  true  position  of  the  parts  of  this  fish, 
as  first  shown  by  Mr.  Hugh  Miller,  <*  the  level  v«:itral  surface  would 
glide  with  the  slightest  impetus  over  the  slimy  bottom,"  while  **  at 
the  same  time  the  vaulted  carapace  would  afford  a  most  effectual 
buckler  of  defence  against  injury  from  external  violence.*'  A  view. 
Sir  Phihp  observes,  corroborated  by  a  comparison  with  modem  fishes 
of  similar  habits,  the  Sturgeon,  whose  plates  along  the  dorsal  line 
much  resemble  the  central  dorsal  plate  of  Pterichthys,  having  strong 
bony  plates  protecting  their  arched  heads  and  bodies. 

In  a  paper  on  the  supposed  impression  in  shale  of  the  soft  parts 
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of  an  Orthoceras,  by  Mr.  James  Hall  of  New  York,  after  having 
noticed  the  obserrations  of  Mr.  Anthony  of  Cincinnati,  formerly 
commonicated  to  this  Society,  our  colleague  proceeds  to  remark  on 
the  conditions  fsYOurable  for  the  preservation  of  the  solid  portions 
of  animal  remains  in  the  rock  in  which  the  supposed  soft  parts  of 
the  Orthoceras  were  found,  and  to  show  that  appearances,  similar 
to  those  observed  by  Mr.  Anthony,  had  been  seen  by  him  for  ten 
years  in  the  shales  of  New  York.  Mr.  Hall  considers  that  these 
appearances  are  fallacious,  and  that  the  sac-like  envelopes  are  merely 
concretions  which  are  to  be  found  enveloping  other  organic  remains 
as  well  as  the  shells  of  the  Orthoceras,  instances  of  which  he  adduces 
in  North  American  rocks.  The  extent  to  which  animal  structures 
may  be  preserved  under  favourable  conditions  forms  an  inquiry  of 
mubch  interest.  As  investigations  have  proceeded,  facts  as  to  the 
preservation  of  more  perishable  parts  than  we  were  once  accustomed 
to  consider  probable,  have  accumulated.  When  the  Dean  of  West- 
minster first  brought  forward  facts  respecting  the  preservation  of  the 
faeces  of  fish  and  of  saurians  in  a  fossil  state,  even  before  these  faeces 
were  excluded  from  the  bodies  of  the  animals  themselves,  much 
doubt  was,  you  will  recollect,  cast  on  these  views.  Now,  however, 
eoprolites  are  as  much  admitted  to  be  fossils  as  the  bones  of  ani- 
mals and  the  shells  of  molluscs.  Last  year  we  had  occasion  to  notice 
the  views  of  Dr.  Mantell  and  Mr.  Charlesworth  respecting  the  pre- 
servation of  the  soft  parts  of  molluscs  by  means  of  silica.  The 
beautiful  preservation  of  the  fossil  described  by  Professor  Owen, 
from  the  Oxford  clay,  and  of  the  Belemnites  from  the  same  deposit 
mentioned  by  Dr.  Mantell,  and  many  other  cases  of  the  fine  pre- 
servation of  organic  remains  under  favouring  conditions,  will  be  in 
your  recollection ;  so  that  while  with  Mr.  Hall  we  may  be  prepared 
to  consider  the  appearances  he  notices  as  simple  concretions,  such 
as  surround  other  fossils,  we  may  still  expect  to  find  the  less  firm 
portions  of  animals  better  preserved  than  might  once  have  been 
supposed.  We  are  more  especially  led  to  this  opinion  in  consequence 
of  some  late  researches  of  Dr.  Lyon  Playfair,  who  found  that  there 
was  still  much  animal  matter  remaining  in  some  fossil  shells  col- 
lected, during  theprogress  of  the  Geological  Survey,  from  certain 
Sihurian  rocks  in  Wales. 

In  a  memorandum  respecting  certain  fossiliferous  localities,  appended 
to  a  paper  by  Professor  Bamsay  and  Mr.  Aveline  on  the  structure 
of  parts  of  North  and  South  Wales,  Professor  E.  Forbes  concludes, 
that  the  sandstones  skirting  the  Longmynds  belong  to  the  upper 
beds  of  the  Caradoc  series,  and  were  deposited  in  a  deep  sea  around 
the  margin  of  land,  that  land  steep  and  high,  and  formed  of  the 
Llandeilo  flags,  or  of  older  rocks.  He  also  infers  that  they  are  in 
sequence  with  certain  limestone  bands  at  the  base  of  the  Wenlock 
series,  and  that  the  Meifod  fossiliferous  beds  are  of  a  somewhat  older 
date,  probably  equivalent  to  the  middle  part  of  the  Caradoc  beds. 
Inferences  regarding  the  condition  of  the  sea  as  respects  its  prox- 
inuty  to  land,  and  depth  of  water,  drawn  from  organic  remains,  un- 
doubtedly require  very  great  care,  more  especially  when  the  character 
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of  these  remains  is  alone  regarded,  and  the  hahits  of  the  animals  of 
which  tliey  have  formed  the  harder  parts  considered  to  he  the  same 
with  those  of  certain  animals  now  existing ;  hut  when,  as  appears  the 
case  in  the  localities  noticed,  the  structure  of  the  rocks  themselves 
would  support  such  inferences,  they  hecome  of  great  geolo^cal  value. 
In  this  way  we  may  advance  towards  much  knowledge  of  the  coasts 
and  the  depths  of  water  around  them  at  different  times  in  various 
parts  of  the  earth's  surface,  and  from  the  local  or  extended  distribu- 
tion of  particular  marine  animals,  infer  the  physical  conditions  under 
which  their  remains  have  been  entombed. 

Connected  with  the  same  communication  there  is  a  note  by  Mr. 
Salter,  on  the  fossils  of  the  lowest  Wenlock  shales,  east  of  Lland^e, 
Builth,  in  which  he  remarks  on  the  mixture  of  Caradoc  and  Wen- 
lock  fossils  (trilobites,  brachiopod  shells,  and  a  single  coral)  there 
found.  The  absence  of  ordinary  bivalve  and  univalve  shells  is  no- 
ticed, as  also  that  of  terebratulse,  large  flat  orthides,  corals,  and  tri- 
lobites, characteristic  of  the  Woolhope  limestone.  This  is  apparently 
another  example  of  the  effects  of  local  conditions,  so  needful  to  in- 
vestigate when  we  attempt  generalizations  as  to  the  kind  of  life  dis- 
tributed over  a  particular  area  at  a  given  geological  time. 

We  find  our  colleague,  Dr.  Mantell,  as  indefatigable  as  ever  in 
developing  the  fauna  and  floi-a  of  the  Wealden  deposits.  In  his  brief 
notice  of  organic  remains  recently  discovered  in  these  accumulationa, 
he  presents  us  with  no  slight  additions  to  the  list  of  the  animal  and 
vegetable  remains  formerly  known.  He  notices  additional  and  more 
instructive  examples  of  Clatharia  and  Endogenites,  and  cones  appa- 
rently referable  to  the  same  species  of  Abies  or  Pinus  as  those  found 
in  the  greensand  of  Kent.  As  extending  our  knowledge  of  the 
European  flora  at  the  time  of  these  deposits.  Dr.  Mantell  refers  to 
the  labours  of  Dr.  Dunker  of  Hesse  Cassel,  who  has  added  to  it  no 
less  than  sixty  species  of  plants,  and  other  species  are  stated  to  have 
been  found  since  Dr.  Dunker's  work  was  published  "*".  Of  the  sixty 
species  of  plants,  thirty  are  referable  to  seven  genera  of  ferns,  and 
twelve  to  Cycadese  or  Zamise. 

Dr.  Mantell  is  not  aware  of  any  new  species  of  molluscs  having 
been  discovered  in  the  Wealden  deposits  of  Britain,  but  refers  to  the 
researches  of  Dr.  Dunker  for  a  list  of  100  species  found  in  the  German 
accumulations  of  the  same  age.  Respecting  crustaceans,  he  notices 
the  shields  or  cases  of  Cvprides  and  Estheria,  of  which  four  new 
species  have  been  detected  m  Germany.  For  the  insects.  Dr.  Man- 
tell refers  to  the  labours  of  the  Rev.  P.  B.  Brodie,  and  corroborates 
the  occurrence  of  insects  in  the  freshwater  beds  above  the  oolite  in 
Buckinghamshire. 

Under  the  head  of  fishes,  the  Grerman  accumulations  of  this  age 
are  stated  to  have  yielded  one  species  of  Enchodus,  two  new  spedes 
of  Hybodus,  two  of  Lepidotus,  one  of  Sphserodus,  and  one  of  Gy- 
rodus.  Fine  specimens  of  the  previously  well-known  species  of 
British  Lepidotus  are  mentioned  as  having  been  discovered  near 
Hastings. 

*  Monographie  der  Norddeutschen  WealdenbUdung. 
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R^arding  reptiles,  the  additional  remains  of  Iguanodon,  Hylaeo- 
sanms,  M^dosauras,  Streptospondylos,  Poecilopleuron,  (xoniopholis 
and  Cetiosaurus  are  mentioned,  and  specimens  are  also  noticed  of 
Tricmyx,  Plesiosauros,  and  Macrorhynchus.  But  the  discovery 
most  gratifying  to  Dr.  Mantell  was  that  of  the  lower  jaw  of  his  Igua- 
nodon,  which,  most  properly,  found  its  way  to  him  for  description*. 
He  iiders,  fit>m  the  examination  of  these  remains,  that  there  is 
"now  unquestionahle  proof  that  the  Iguanodon,  like  the  colossal 
Edentata,  possessed  a  large  prehensile  tongue  and  fleshy  lips,  capahle 
of  being  protruded  and  retracted,  and  which  must  have  formed  most 
efficient  mstruments  for  seizing  and  cropping  the  foliage  and  branches 
of  ferns,  Cycadese  and  coniferous  trees. 

Dr.  Mantell,  referring  to  a  previous  notice  of  a  jaw  which  he 
then  (1841)  thought  might  be  tnat  of  a  young  Iguanodon,  now  pro- 
poaes  the  name  of  RegnosauruB  Narthamptoni  for  the  reptile  to 
which  it  belonged,  considering  that  it  is  subeenerically,  if  not  gene- 
rically,  distinct  from  the  Iguanodon,  though  evidently  of  the  same 
fiunily.  In  a  summary  of  the  Vertebrata  found  in  the  Wealden  de- 
posits. Dr.  Mantell  enumerates  about  thirty-two  species  of  fishes,  one 
a  Cycloid,  sixteen  Placoids,  and  fifteen  Ganoids.  Of  reptiles  it  is 
stated  that  there  are  twelve  genera  of  saurians  already  determined, 
with  indications  of  four  or  ^yt  others,  one  flying  reptile, — the  Ptero- 
dactyle,  and  four  or  ^yt  genera  of  Chelonians.  There  are  also  bones 
considered  referable  to  birds.  From  the  length  of  time  (nearly 
thirty  years)  which  has  elapsed  between  the  discovery  of  the  teeth 
of  the  Iguanodon  to  that  of  the  jaw  with  teeth  in  place  above  men- 
tioned, our  colleague  is  led  to  infer  that  the  palaeontology  of  the 
Wealden  is  as  yet  but  imperfectly  explored,  and  that  many  a  relic  of 
thepast  has  still  to  be  brought  to  light. 

Tnou^h  so  much  has  been  said,  and  well  said,  respecting  the  ac- 
cumulations to  which  the  name  of  Wealden  has  been  given,  the 
interest  attached  to  them  can  scarcely  be  considered  less  now  than 
w^en,  in  years  past,  we  were  first  made  acquainted  with  their  general 
character.  To  detect  fluviatile  and  estuary  deposits  of  that  geolo- 
gical epoch  (a  fortunate  bending,  squeezing,  and  denuding  of  the 
rocks  of  part  of  England,  exposing  them  for  examination)  was  no 
small  advance  in  our  knowledge  of  the  distribution  of  land  and  sea 
of  the  period.  Additions,  as  you  are  well-aware,  have  since  been 
made  to  this  first  knowledge,  and  we  see  Dr.  Mantell  losing  no  op- 
portunity of  increasing  it,  so  that  now  we  can  embrace  a  wider  area 
upon  which  to  reason,  and  can  better  understand  the  spread  of  dry 
liudd,  in  the  area  at  present  occupied  by  western  Europe,  anterior  to 
the  submergence  of  so  much  of  it  beneath  the  adjoining  seas,  in 
the  waters  of  which  the  cretaceous  deposits  were  effected.  These 
great  changes  in  the  relative  areas  overspread  by  sea  and  land  at 
mfferent  geological  times  possess  the  hignest  interest,  particularly 
when  we  consider  them  witli  reference  to  the  various  ranges  of  high 

*  The  original  memoir  on  the  Iguanodon  having  been  communicated  to  the 
Boyal  Society,  the  paper  in  which  these  remains  were  described,  with  the  assist- 
ance of  Dr.  MehiUe,  was  also  transmitted  to  that  Society. 
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land,  the  frequent  contortions  of  the  rocks  in  mountains  and  dse- 
where,  the  different  coast-lines,  deep  and  shallow  seas,  the  lakes  and 
rivers,  and  all  the  modifications  of  animal  and  vegetable  life  attoid- 
ing  such  changes  and  alteration  of  conditions.  Attempts  have  from 
time  to  time  been  made,  from  the  facts  known,  to  sketch  the  pro- 
bable distribution  of  sea  and  land  on  certain  parts  of  the  earth's 
surface  at  what  have  been  termed  geological  penods.  No  doubt  we 
have  much  to  consider  when  we  attempt  to  define  geological  periods, 
such  as  the  more  sudden  effects  produced  on  some  parts  of  the 
earth's  surface,  the  more  tranquil  changes  in  others,  and  the  in- 
equaUty  of  these  changes  both  as  regards  geological  times,  superficial 
modifications,  and  their  consequent  effects  on  mechanical  accumula- 
tions and  animal  and  vegetable  life ;  yet  all  such  attempts,  if  fairly 
worked  out  according  to  the  existing  evidence,  may  be  considered  aa 
highly  use^.  We  may  expect  in  future  years,  as  geological  know- 
leq^  advances,  that  these  sketches  will  more  and  more  approach  the 
truth,  so  that  the  probable  great  rivers  and  lakes,  mountain-raii«a 
and  level  tracts,  forms  of  shores,  and  in  fact  the  reUef  of  the  dry 
lands,  and  depressions  of  the  sea-bottom,  of  many  ecological  times, 
may,  to  a  certain  extent,  be  made  apparent.  And  mis  we  consider 
by  no  means  so  visionary  as  might  be  imagined  by  those  who  are 
not  conversant  with  the  kmd  of  geological  research  now  in  progress. 

To  our  old  and  staunch  friend  Mr.  Lonsdale  we  are  indebted  for  an 
elaborate  communication  on  the  fossil  zoophytes  in  the  deposits  ex- 
posed between  Atherfield  and  Rocken  End,  described  by  Dr.  Fitton. 
In  it  he  takes  general  views  of  the  subject,  and  enters  into  details 
exhibiting  that  research  and  desire  to  attain  the  truth  for  its  own 
sake  which  characterise  our  colleague,  and  which  contributed,  while 
he  was  an  officer  of  our  Society,  so  much  to  its  welfare. 

Mr.  Lonsdale  describes  new  genera  and  species,  and  enters  largely 
upon  the  views  and  opinions  of  previous  authors.  Let  us  hope  that 
the  retirement,  which  ill-health  compelled  him  to  seek,  may  continue 
to  afford  him  the  leisure  and  quiet  requisite  for  communications  such 
as  this,  and  that  he  will  enrich  our  works  with  further  contributions 
on  fossil  corab,  a  branch  of  palaeontology  to  which  he  has  devoted 
so  much  attention. 

Among  the  labours  of  our  Foreign  Secretary,  Mr.  Bunbury,  during 
his  late  travels  on  the  continent,  was  includea  an  examination  of  the 
fossil  plants  from  the  anthracite  formation  of  the  Savoy  Alps.  The 
results  of  this  investigation  he  communicated  to  us  in  a  memoir,  in 
which  he  not  only  describes  the  species  of  plants  that  came  under 
his  observation,  but  also  gave  us  a  history  of  the  researches  and 
opinions  connected  with  the  mode  of  occurrence  of  these  plants,  add- 
ing general  views  of  his  own. 

As  you  are  aware,  M.  Elie  de  Beaumont  was  the  first,  in  1828,  to 
announce  the  fact,  that  near  Petit  Cceur  in  the  Tarentaise,  beds  con- 
taining an  abundance  of  plants,  of  the  same  species  as  those  disco- 
vered in  the  coal-measures  of  the  palaeozoic  period,  alternated  with 
other  beds  containing  belemnites,  and  referred  the  whole  to  the 
period  of  the  lias.    The  plants  were  determined  by  M,  Adolphe 
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Broneniart.  Sabaequentlj  M.  Elie  de  Beaumont  published  an  account 
of  beds  occurring  between  Brian9on  and  St.  Jeane  de  Maurienne,  and 
included  them  in  the  same  series.  Plants  obtained  from  these  rocks 
were  examined  by  M.  Adolphe  Brongniart,  and  identified  by  him 
with  those  of  the  coal-measures.  IVom  all  the  facts  M.  £lie  de 
Beaumont  inferred,  that  the  beds  with  belemnites  and  ammonites, 
and  those  containing  the  plants,  were  parts  of  one  whole,  and  that 
whc^e  referable  to  the  date  of  the  lias  and  part  of  the  oolitic  series. 

This  announcement  was  startling  to  those  who  were  accustomed  to 
consider  that  the  animal  and  vegetable  life  existing  at  each  geological 
period  had  been  so  entirely  swept  away,  and  replaced  by  new  species 
at  another,  that  no  species  of  one  geological  period  would  hare  its 
existence  prolonged  into  another.  The  view  of  M.  £Ue  de  Beaumont 
was  in  consequence  considered  to  require  confirmation,  and  thus  the 
subject  renuuned,  as  Mr.  Bunbury  has  pointed  out,  untfl  the  meeting 
of  the  Geological  Society  of  France,  at  Chambery,  in  1844,  when  the 
observations  of  the  members  present  led  them  to  adopt  the  opinions 
of  M.  Elie  de  Beaumont. 

When  at  Turin  in  1848,  Mr.  Bunbury  carefully  examined  the  fos< 
d1  plants  from  the  Tarentaise  in  the  Museum.  In  this  examination 
he  experienced  difficulties  firom  the  imperfect  preservation  of  the 
plants,  their  confused  mixture  and  distortion,  and  from  the  injury  to 
the  structure  caused  by  their  replacement  by  a  coating  of  talc.  The 
speamena  in  the  Turin  Museum  afforded  Mr.  Bunbury  fourteen  dif* 
ferent  forms,  for  he  will  not  venture  to  call  them  spc^oes,  of  which 
nine  are  Ferns,  two  Calamites,  and  three  AsterophyUites  or  Annula- 
TiJB.  '*  Two  of  these  ferns,"  he  observes,  "  Odantopteris  Brardii 
and  Peeopteris  cyathea^  may  be  pronounced  with  tolerable  certainty 
to  be  identical  with  characteristic  and  well-known  plants  of  the  coal- 
Three,  or  perhaps  four,  others  have  a  strons  resemblance 


to  coal-measure  plants,  with  which  they  may  probably  be  specifically 
identical,  but,"  he  continues,  *'  I  cannot  feel  certain  of  them.  An^ 
other  seems  to  be  a  remarkable  snd  hitherto  unnoticed  variety  of 
Odontopterii  Brardii,  connecting  that  species  with  O.  obhua  of 
Brongniart.  The  eighth  is  perhaps  a  new  species,  but  its  nesrest 
allies  are  plants  of  the  coal  formation.  Of  the  ninth,  the  specimens 
are  too  imperfect  to  admit  of  determinadon.  Of  the  remaining  plants, 
Calamitea  tqpproximatMS  and  Jnnularia  Umgifolia  appear  to  be  ab- 
solutdy  identical  with  coal-measure  plants ;  and  the  other  two.  An- 
mUaria  or  JsteropkylUtes,  are  at  least  very  similar  to  carboniferous 
forms.     The  other  calamite  is  undeterminable." 

The  occurrence  of  nmilar  plants  at  the  Col  de  Balme,  snd  in  the 
mountains  above  Servoz  and  Martigny,  is  then  noticed,  as  also  the 
absence  of  belemnites  in  beds  iaterstratified  with  the  others  in  those 
localities.  The  plants  obtained  by  Mr.  Bunbury  from  the  neigh- 
Ixrarhood  of  Chiim<Hiix,  and  those  seen  by  him  m  the  Museum  at 
Geneva,  consisted  of  ei^t  Ferns,  one  Calamite  (species  undetermi- 
nable) and  one  AsterophyUites.  A  well-preserved  vpedmea  o£  Lepi- 
dodemdron  anuUissimum,  of  Brongniart,  was  pointed  out  to  )iim  by 
M.  Elie  de  Beaumont  in  the  odl»stion  at  the  Eoole  des  Mines  at 
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Paris,  brought  from  beds  at  the  Col  de  Cbardonet,  near  Brian^on, 
referred  "  to  the  uppermost  part  of  the  Alpine  Anthracite  formatioD, 
and  probably  equivfuent  to  the  Oxford  clay."  It  thus  appears  that 
the  researches  of  Mr.  Bunbury  lead  him  to  conclude,  with  M.  Adolphe 
Brongniart,  that  the  plants  from  the  beds  noticed  present  a  general 
agreement  with  those  found  in  the  coal-measures. 

It  will  be  fresh  in  your  recollection,  that  the  mixture  or  rather  al- 
ternation of  beds  containing  belenmites  with  others  full  of  plants  re- 
sembling those  commonly  found  in  our  coal-measures  engaged  the 
attention  of  my  predecessor  in  this  Chair,  Mr.  Homer,  and  that  he 
pointed  to  the  probability  that  it  might  be  an  instance  of  species 
which  had  a  wide  range  in  space  having  had  also  a  long  duration  in 
time,  calline  your  attention  to  the  wide  spread  of  similar  plants  orer 
certain  normem  regions  of  our  globe  at  apparently  the  same  geologi- 
cal time.  This  explanation  does  not  satis^  Mr.  Bunbury,  inasmuch 
as  other  plants  are  known  to  be  found  elsewhere  in  European  accu- 
mulations between  the  periods  of  the  coal-measures  and  the  oolitic 
series  inclusive,  admitting  however  that  in  the  Permian  system  of 
Sir  Boderick  Murchison  the  character  of  the  entombed  plants  closely 
resembles  that  of  those  of  the  coal-measures.  He  more  particularly 
observes  on  the  difference  of  the  plants  in  the  gr^  bigarri  of  Alsace, 
remarking  on  the  common  spreaa  of  certain  ferns  at  the  present  day 
over  Europe,  and  of  the  same  tribe  of  plants  over  wide  areas  at  the 
period  of  the  coal-measures.  He  also  points  out  the  small  gec^ra- 
phical  distance  of  the  localities  in  which  tne  remains  of  these  dissimilar 
plants  are  found  in  the  rocks  noticed,  and  calls  attention  to  the 
observations  of  M.  Scipion  Gras,  who  states  that  the  Jurassic  rocks, 
occurring  in  their  ordinarv  condition  in  the  department  of  the  Ish^ 
contain  mipressions  of  pumts  entirely  different  from  those  of  the 
Alpine  anthracite.  He  admits  however  at  the  same  time  that  there 
are  instances  of  the  isolated  occurrence  of  tropical  plants,  especially 
Ferns  and  Lvcopodia,  in  temperate  regions,  far  beyond  their  ordinary 
geographical  range,  as,  for  example,  the  growth  of  Trichomanes  ra- 
dicans  in  Ireland,  and  of  Lycopodium  cemuum  in  the  Azores.  Mr. 
Bunbury  then  adverts  to  the  hypotheses  of  M.  Adolphe  Brongniart, 
that  the  plants  in  question  may  have  been  drifted  from  regions  in 
which  the  coal-measure  plants  still  continued  to  grow, — ^in  the  same 
manner  as  seeds  are  now  drifted  from  the  tropical  regions  on  the 
American  side  of  the  Atlantic  to  the  shores  of  Europe,  in  part,  per- 
haps, becoming  enveloped  in  deposits  near  land,  where  plants  similar 
to  those  producing  such  seeds  do  not  occur.  While  he  admits  that 
this  hypothesis  i&  the  most  plaiisible  under  existing  information,  and 
that  he  has  none  more  satisfactory  to  offer,  Mr.  Bunbury  does  not 
see  his  way  out  of  the  difficulty. 

Of  all  organic  remains,  perhaps  those  of  land  plants  would  appear 
to  afford  us  the  least  direct  information  as  to  the  climate,  at  different 
geolc^cal  periods,  of  the  low  or  slightly  elevat^  countries  bordering 
seas  in  vanous  parts  of  the  world,  except  we  can  obtain  something 
like  evidence  of  the  plants  themselves  having  flourished  so  near  the 
level  of  the  seas  of  the  tune,  that  slight  changes  in  that  level  pro- 
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duced  altematioiis  of  deposits,  which  should  at  one  time  contain  the 
renuuns  of  marine  animals  which  inhabited  the  coast  seas,  and  were 
qoietlv  entombed,  and  at  another  the  remains  of  plants,  showing  their 
growtli  on  the  spot.  Such  evidence  we  seem  to  possess  at  two  distinct 
periods  in  the  north  of  England,  where  we  detect  alternations  of  coal 
beds,  with  their  underclays,  and  limestones  with  marine  animal  re- 
mains of  the  carboniferous  time ;  and  also  find  a  coal  accumulation, 
with  some  plants  apparently  in  the  position  in  which  they  grew,  of 
the  oolitic  series.  In  both  cases  the  evidence  would  be  in  favour  of 
quiet  depressions,  low  districts  with  land  plants  growing  upon  them 
so  sinking  beneath  sea-water,  that  marine  creatures  swarmed  over  the 
previous  dry  land,  their  remains  entombed  amid  detrital  deposits 
effected  at  the  time. 

Viewing  the  actual  and  varied  altitudes  above  the  sea-level  of  lakes 
in  different  parts  of  the  world,  the  plants  which  may  be  drifted  into 
them  and  preserved  amid  any  mud,  sand,  or  calcareous  matter  depo- 
sited in  such  lakes,  give  us  no  just  idea  of  the  climate  of  the  time  at 
the  sea-level  in  the  same  latitudes.  For  instance,  the  plants  drifted 
into  the  lakes  of  Switzerland  and  Northern  Italy,  some  of  which  may 
even  be  swept  ^m  heights  approaching  lines  of  perpetual  snow, 
muld  not  give  us  the  climate  of  the  coast  of  the  Bay  of  Biscay  be- 
^ken  the  Sa6ne  and  the  Gironde,  though  in  the  same  general  latitude. 
^Bn,  again,  as  to  the  conditions  for  Uie  transport  of  plants  or  their 
parts  to  situations  where  portions  of  them  mav  be  more  or  less  pre- 
served in  detrital  matter,  much  has  to  be  considered.  Though  floods 
in  high  regions  tear  up  trees  and  smaUer  plants  in  their  course,  the 
chances  of  any  of  the  plants  reaching  sea-coasts  depend  upon  a  va- 
riety of  conditions,  among  which  proximity  to  the  sea  is  one  of  no 
inconsiderable  importance.  Thus  we  have  seen  the  arborescent  ferns 
and  other  plants  of  the  higher  lands  of  Jamaica  swept  by  floods  into 
the  adjoining  seas  (becoming  entangled  in  part  among  the  mangrove 
swamps  at  the  mouths  of  the  rivers),  the  distance  haying  been  so 
short,  that  many  stems  of  the  fern  trees,  their  fronds,  and  those 
of  other  ferns  of  the  higher  regions,  were  not  much  injured.  No 
mere  swelling  of  the  rivers  from  rains  on  the  lower  grounds,  which  did 
not  cause  torrents  to  wash  away  plants  in  the  h^her  lands,  would 
bring  down  a  frond  of  these  ferns ;  it  would,  however,  sweep  on  many  a 
lowland  plant,  and  not  a  few  of  those  which  grew  in  the  nver  courses 
during  the  diy  weather,  into  the  mangrove  swamps  and  the  sea. 

In  great  rivers,  the  leaves,  as  they  ndl  from  trees  overhanging  the 
water,  are  floated  onwards  and  often  carried  quietly  to  sea,  sometimes 
from  long  distances  inland.  Plants  and  their  parts  may,  under  fa- 
voorable  conditions,  be  washed  into,  and  be  preserved  in  the  mud  of 
climates  where  they  do  not  grow.  They  may  be  thus  brought  by  the 
Mississippi,  the  Paraguay,  the  Nile,  and  the  great  rivers  of  Northern 
Asia  flowmg  from  south  to  north,  and  be  preserved  under  clunates 
differing  from  those  where  they  flourished.  We  have  no  reason  to 
suppose  that  the  conditions  of  continents,  as  regards  the  flow  of  rivers 
into  the  sea,  were  not  very  various  during  long  lapses  of  geolojrical 
time,  and  we  should  very  carefully  avoid  permitting  our  view  of  the 
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relative  disposition  of  land  and  water  at  former  periods  to  be  biased 
too  far  by  their  present  arrangement. 

Every  autumn  our  European  rivers  are  full  of  leaves  which  have 
quietly  fallen  into  them.  Some  get  washed  on  the  banks,  while 
others  are  lefl  upon  low  grounds  when  the  waters  may  have  been 
more  swollen  at  one  time  than  another.  Some  get  borne  backwards 
and  forwards  by  the  tides  in  estuaries,  and  are  accumulated  in  the 
mud,  entangled  with  the  remains  of  estuary  animals  and  plants ; 
but  many  get  washed  to  sea,  particularly  if  on-shore  winds  prevail  at 
the  time.  Probably  man^  of  these  become  saturated  with  sea^water 
and  fall  to  the  bottom  amid  the  remains  of  marine  molluscs  and  other 
animals,  and  are  thus  entombed  with  them  amid  any  detritus  there 
accumulating.  Some  we  know  are  thrown  on  shore,  at  various  di- 
stances from  the  river-mouths,  according  to  the  prevalence  of  the 
winds  of  the  time,  and  the  relative  bearing  of  these  upon  the  coasts 
of  the  locaUty,  and  become  intermingled  with  various  marine  animal 
and  vegetable  remains. 

The  extent  to  which  trees  and  smaller  plants  are  washed  during 
floods  out  of  the  great  rivers  of  the  world,  and  floated  outwards  to 
situations  where  they  fall  within  the  influence  of  ocean  currents  and 
prevalent  winds,  is  very  considerable,  and  it  is  very  needful  to  bear  i '  ' 
in  mind  when  we  have  no  satisfactory  evidence  as  to  the  growth 
plants  at  or  near  the  locaUties  where  we  find  their  fossil  remd 
Little  islets  of  matted  plants  are  thus  sometimes  floated  away,  and  it 
will  depend  upon  the  weather  they  may  encounter  how  loqg  they 
may  keep  together  before  they  become  broken  up  by  the  8#bs,  and 
fall  to  the  bottom.  Although  the  counter-current  along  the  Atlantic 
shore  of  the  United  States  may  tend  to  carry  plants  w||hed  out 
from  the  rivers  of  that  part  of  Nortli  America  to  th^^'^^i^ward, 
the  Gulf  Stream  is  still  enabled  to  transport  plants  and  t^f  parts 
from  Cuba  and  the  Bahamas  (the  prevalent  trade-winos  even  pemaps 
drifting  them  from  Haiti)  northerly  towards  Newfoundland.  Taking 
the  GiSf  Stream  and  its  counter-current  along  the  American  shore  as 
constants,  we  may  have  two  north  and  south  belts  beneath,  in  one  of 
which  the  remains  of  plants  from  the  north  are  actumulated,  and  in 
the  other  those  from  tne  south,  indicating  climateslvhich  dctnot  cor- 
respond with  those  of  the  dry  land  of  America  in  t^  same  laiitudes. 
Such  lines  of  transport — and  there  would  appear  to  be  many  of  tnem — 
and  the  probable  falling  of  plants  and  their  parts  to  the  bottom  during 
a  long  period  of  time,  have  to  be  regarded  when  we  consider  deposits 
wherein  the  remains  of  plants  which  may  not  have  grown  on  the 
spot  are  entombed.  There  may  be  situations  where  little  detrital 
matter  now  settles,  but  where  drifted  vegetable  matter  may  accumulate 
^m  the  repetition  of  certain  annual  effects  continued  through  long 
time,  as  well  as  those  deposits  which  we  infer  have  been  the  result 
of  the  growth  of  plants  on  or  near  the  spot  where  their  remains  are 
now  found.  When  we  consider  all  the  conditions  under  which  the 
remains  of  plants  may  be  accumulated,  and  the  difficulty  often  of  de- 
termining tne  real  character  of  the  planti^  themselves  *,  it  would  ap- 

*  See  Dr.  Hooker's  Remarks,  Mm^irf  oi  t^e  Geolo^icil  Society,  voL  iL 
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petr  desirable  to  obtain  more  information  respecting  the  distribution 
of  fossil  plants  at  different  geological  times  than  we  now  possess, 
before  we  conclude  that  we  have  eridence  enough  to  speak  of  the 
characteristic  plants  of  different  geological  epochs  with  the  confidence 
sometimes  used.  It  would  appear  rery  desirable,  under  present  in- 
formation, to  regard  the  subiect  more  locally  and  always  with  refer- 
ence to  the  probable  physical  conditions  under  which  the  plants  may 
have  been  entombed. 

In  his  communication  on  the  Silurian  slates  and  coal  of  the  neigh- 
bourhood of  Oporto,  Mr.  Sharpe  gives  descriptions  of  Isotelut 
PowisU  ?,  IlUemts  Luntanicus  (it. «.),  OrthU  Noctilio  (». «.),  Orthit 
MmientU  (n. «.)»  OrthU  DuriensU  (n. «.),  OrthU  Lusitanica  (n. «.), 
Orthoeerfu  remotum  (Salter  MS.),  and  Bellerophon  Duriensis  (n. «.), 
all  foimd  in  those  beds. 

To  Professor  Owen  we  are  indebted  for  a  description  of  saurian 
remains  discovered  by  Professor  Henry  Rogers  in  a  greensand  deposit 
of  the  United  States,  considered  referable  to  the  age  of  part  of  the 
cretaceous  accumulations  of  Europe.  The  specimens  placed  before 
Professor  Owen  enabled  him  to  add  some  facts  to  the  osteology  of 
the  Mosasaurus,  and  to  discover  some  species  of  saurians,  especially 
of  the  jprocoelum  form  of  crocodile,  not  previously  known  in  strata 
o|^sr  than  the  tertiary  deposits  termed  eocene.  After  very  import- 
aA  ^osteological  details  respecting  the  Mosasaurus,  which  reauire  to 
be  studied  in  the  memoir  itself  in  order  fully  to  appreciate  the  labours 
of  our  colleague  upon  this  subject,  he  states  that,  considering  certain 
of  the  bones  to  belong  to  the  Mosasaurus,  "  they  indicate  the  extre- 
mities of  that  great  saurian  to  have  been  organized  according  to  the 
type  of  the  existing  Lacertia,  and  not  of  the  Enaliosauria  or  marine 
hnrds,"  and  adds,  ''  two  species,  at  least,  of  true  Lacertia  have  left 
their  remains  in  our  Englisn  chalk." 

Professor  Owen  next  notices  some  remains  of  a  procoelian  reptile, 
and  proposes  to  indicate  the  saurian,  and  probably  mosasauroid 
genus  to  which  it  belongs  by  the  name  of  Macrosaurus.  Upon 
other  remains  he  establishes  the  genus  Hyposaurus,  an  Amphicoelian 
crocodile,  and  then  notices  specimens  from  the  same  localities  laid 
before  him  by  Professor  Henry  Rogers,  which  he  remarks  are  "  the 
first  evidences  of  the  genus  of  the  modem  Crocodilus  or  Alligator 
that  have  been  discovered  in  strata  older  than  the  eocene  tertiary." 

The  accumulations  amid  which  these  saurians  have  been  de- 
tected are  inferred,  ^m  the  marine  remains  found  in  them,  to  be  of 
the  same  age  as  part  of  the  cretaceous  series  of  Western  Europe, 
similar  marine  molluscs  having  been  considered  to  exist  and  to  have 
been  entombed  in  mineral  matter  at  the  same  geological  period  in 
the  seas  surrounding  the  shores  of  land  in  the  areas  now  occupied  by 
the  United  States  and  Western  Europe.  The  remains  descnbed  by 
Professor  Owen  thus  possess  not  only  nigh  interest  as  additions  to  the 
forms  of  life  which  have  existed  at  different  times  on  our  earth,  but 
also  as  showing  the  co-existence  of  certain  saurian  and  molluscous 
forms  at  equal  geological  times.  We  have  thus  the  modem  croco- 
dile or  alligator  (living  probably  much  in  the  same  way  as  the  spe- 
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cies  of  the  same  eenus  do  in  the  present  day,  namely  in  rivers  and 
estuaries),  home  mto  seas  in  which  molluscs  of  the  same  kinds  as 
have  their  remains  entomhed  in  our  cretaceous  rocks,  were  living. 

From  the  general  characters  of  the  other  saurians  found  we  should 
also  infer  that  their  habits  were  not  such  as  to  render  the  sea  among 
their  usual  haunts,  but  rather  that  they  lived  in  rivers  and  estuaries, 
occasionally  coming  on  the  adjoining  lands.  When  we  look  at  the 
htholoffical  characters  of  the  beds  m  which  these  remains  are  en- 
tombec^  as  well  as  to  the  state  in  which  the  bones  are  preserved,  it 
at  once  becomes  evident  that  they  haye  been  carried  to  the  situations 
at  or  near  which  they  are  now  discovered,  by  being  rendered  specifi- 
cally lighter  than  they  now  are,  or  formerly  could  have  been.  In 
fact  we  seem  required  to  consider  that  flesh  was  on  the  bones  when 
they  were  borne  into  the  seas,  amid  the  deposits  and  creatures  Uving 
at  the  time,  in  which  they  are  detected.  However  difficult  it  may 
be  to  wash  crocodilian  animals  into  the  adjoining  seas  from  out 
many  of  the  great  rivers  of  the  world  where  these  creatures  Uve  in 
multitudes,  more  particularly  where  mangrove  swamps  abound  at 
their  embouchures,  this  is  not  the  case  with  the  short  torrent  rivers 
descending  from  high  lands  into  the  seas  surrounding  islands,  as  for 
instance  Jamaica  and  Hayti.  During  a  great  flood  in  the  Tellahs 
river,  one  which  takes  its  rise  in  the  Blue  Mountains  of  Jamaica, 
and  at  whose  mouth  and  in  the  adjoining  mangrove  swamps  die 
caimans  are  common,  the  body  of  water  was  so  great  as  to  sweep 
these  cirocodilians  off  to  sea,  where  it  may  be  presumed  some 
perished,  to  leave  their  bones,  at  least  such  as  were  not  swallowed  by 
the  larfl;e  fish,  to  be  mingled  with  the  remains  of  marine  molluscs 
now  living  in  those  seas.  In  cases  of  floods  of  this  kind,  the  sudden- 
ness of  which  can  be  scarcely  appreciated  by  those  who  have  not 
vfdtnessed  the  waters  of  heavy  tropical  rains  discharged  by  means  of 
a  short  steep  course  from  high  mountains  into  the  sea,  many  a  river 
and  estuary  air-breathing  creature  gets  overpowered  and  carried  off 
before  it  can  reach  the  protection  of  eddies  near  the  banks ;  and 
should  there  be  a  heavy  sea  going  at  the  time,  as  sometimes  happens 
when  a  hurricane  is  accompanied  by  floods  of  rain,  there  is  a  poor 
chance  of  their  escape  from  drowning,  however  well-fitted  for  living 
in  rivers  and  estuaries  under  ordinary  conditions. 

True  to  his  promise  to  add  to  our  palichthyological  information, 
as  given  in  his  first  memoir  read  during  the  past  year.  Sir  Philip 
Egerton  communicated  at  our  last  meeting  a  paper  on  the  affinities 
of  the  eenus  Platyaomvs,  After  adverting  to  the  opinions  of  differ- 
ent authors,  and  especially  to  that  of  A^issiz,  Sir  FhiUp  mentions 
that  Mr.  King,  of  Newcastle,  had  recently  submitted  to  him  a  spe- 
cimen of  Platysomua  macrurus,  from  the  maffuesian  limestone  of 
Ferry  Hill,  revealing  its  dentition,  whence  it  became  evident  that 
this  genus  was  a  true  Pycnodont.  A  detailed  account  of  its  den- 
tition is  given,  and  it  is  stated  that  the  genus  Globulodus  must 
be  cancelled.  Conferring  with  his  friend  Professor  Agassiz,  Sir 
Phihp  Egerton  received  from  him  a  complete  aereement  in  the  view 
that  the  genus  Platysomus  should  be  included  among  the  Pycno- 
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donts  ;  and  alluding  to  the  difficulty  he  had  experienced  with  respect 
to  its  heterocercal  tsjl,  the  Professor  remarks  that  he  now  expects  to 
find  that  character  in  fishes  of  various  famihes  detected  amid  the 
oldest  accumulations  as  well  as  in  the  youngest  emhryo  state  of  our 
actual  fiishes.  Sir  PhiUp  Egerton  has  satisfied  himself  that  **  the 
generic  characters  of  Platysomus  are  in  close  affinity  with  those  of 
Uyrodus  and  Microdon,  hut  that  it  differs  from  these  and  all  other 
known  Pycnodonts  in  having  a  heterocerque  tail."  It  is  gratifying 
thus  to  see  two  cultivators  of  the  same  hranch  of  science  working  so 
completely  in  harmony,  and  conferring  with  each  other  so  amicably 
on  points  of  difference ;  so  that  insteaa  of  conclusions  being  hostilely 
retained  which  may  no  longer  be  tenable,^-and  the  progress  of  all 
branches  of  science  shows  us  how  first-impressions  have  to  be  modi- 
fied,— ^truth  becomes  the  only  object,  no  matter  by  whom  it  may  be 
brought  to  light. 

To  Mr.  Morris  we  are  indebted  for  a  communication  on  Neritoma, 
a  fossil  genus  of  gasteropodous  molluscs  alHed  to  Nerita.  He  shows 
that  the  shells  in  question,  though  allied  to  Nerita,  are  yet  aberrant 
from  it,  and  that  they  become  interesting  from  connecting  the  true 
Nerites  with  Amphibola,  and  as  adding  another  instance  of  certain 
genera  of  molluscs  with  analogous  forms  presenting  the  similar  cha* 
racier  of  a  greater  or  less  sinus  on  the  outer  lip.  The  fossil  whence 
the  generic  description  is  given  was  from  the  upper  portion  of  the 
Portland  beds,  at  Swindon,  Wiltshire,  and  was  abo  interesting  as 
distinctly  exhibiting  the  markings  on  the  surface. 

Though  this  is  the  only  commmiication  from  Mr.  Morris  during 
the  past  year  in  the  form  of  a  single  paper,  we  have  to  thank  our 
able  colleague  for  his  constant  readiness  to  assist  the  labours  of  others 
of  our  contributors  of  memoirs  whenever  they  may  request  him  so 
to  do,  and  for  thus  adding  to  our  stock  of  that  knowledge  which  the 
talents  of  Mr.  Morris  so  qualify  him  to  advance,  and  for  the  further- 
ance of  which  we  could  wish  mm  more  leisure  than  his  occupations 
now  present. 

Superposition  ofRoekSf  their  supposed  equivalents  in  different  re- 
gions, and  general  classification. 

In  a  memoir  on  the  principal  geological  features  of  the  salt-field 
of  Cheshire  and  the  adjoining  districts,  Mr.  Ormerod  has  presented 
us  with  numerous  facts  respecting  the  occurrence  of  rock-salt  and 
brine-springs  in  that  part  of^England,  the  beds  in  which  the  salt  and 
brine  are  found,  and  the  older  rocks  on  which  these  beds  repose.  The 
latter  constitute  the  range  of  coal-measures  running  northerly  from 
Cheadle  and  Newcastle-under-Lyne  on  the  south,  towards  Man- 
chester and  Stayle^  Bridge  on  the  north,  a  small  portion  of  mountam 
or  carboniferous  limestone  rising  in  an  elongated  anticlinal  ridge 
near  Congleton.  These  older  rocks  are  well-known  to  have  been  dui- 
turbed,  crumpled  and  fractured  anterior  to  the  deposits  commonly 
known  as  the  New  Red  Sandstone,  the  latt«r  resting  unconformably 
upon  and  entering  valleys  in  the  former,  many  a  patch,  not  yet 
removed  by  denudation,  showing  the  covering  of  these  red  mark. 
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sandstones  and  conglomerates  to  have  been  once  far  more  eztenarre 
than  it  now  is. 

The  details  given  by  Mr.  Ormerod  respecting  the  occurrence  of 
the  brine  and  rock-salt  are  not  only  valuable  as  regards  geological 
information,  but  important  practically,  as  he  touches  upon  many 
points  which  cannot  fail  to  aid  those  who  may  be  seeking  for  brine 
and  salt  in  that  district. 

It  may  be  scarcely  needful  to  remind  you  that  the  beds  oontaimng 
the  salt  and  brine  (the  latter  merelv  a  solution  of  the  former,  by 
means  of  the  water  percolating  amid  the  saliferous  beds  in  those  upper 
marls  of  the  new  red  sandstone  series  of  the  central  portion  of  En- 
gland,) are  referred  to  a  series  of  deposits  known  in  Grermany  as  the 
Keuper ;  a  term  employed  by  Mr.  Ormerod  in  his  descriptions  of 
these  beds.  The  salt  would  appear  to  be  distributed  in  flattened 
portions  of  irregular  figures,  and  disseminated  through  certain  beds. 
As  might  be  expected,  sinkings  of  the  upper  ground  take  place  when 
the  brme-springs  have  removed  the  salt  m  situations  sufficiently  near 
the  surface  for  this  effect  to  be  produced. 

At  Northwich  the  upper  bed  of  salt  is  considered  to  vary  in  thick- 
ness from  84  to  90  feet,  thinning  off  to  the  south-west,  and  losing  15 
feet  of  thickness  in  about  a  mile.  Its  upper  surface  is  uneven,  pre- 
senting cones  and  irregular  figures.  Beneath  this  bed  is  one  of  indu- 
rated clay,  traversed  by  veins  of  salt,  and  30  feet  thick.  Under  this 
comes  the  second  or  great  bed  of  salt,  for  the  depth  of  60  to  75  feet 
containing  a  considerable  admixture  of  earth,  so  that  this  portion  is 
not  worked.  The  next  12  or  15  feet  is  more  pure,  and  the  salt  is 
extracted  from  it.  Beneath  the  earthy  admixture  becomes  so  consi- 
derable, that,  like  the  upper  portion,  it  is  unworked.  At  a  pit  at 
Marston,  northward  from  Northwich,  the  secondbedof  salt  was  sunk 
through,  and  found  to  be  there  96  feet  thick.  In  other  places  it  was 
not  passed  through  afler  sinking  117  feet. 

Mr.  Ormerod  estimates  the  thickness  of  the  gypsiferous  and  sali* 
ferous  beds  at  Northwich  and  Middlewich  at  more  than  700  feet. 
The  strata  technically  termed  water-stone  becU,  supporting  these,  he 
considers  to  be  400  feet  thick,  and  others  beneath,  to  which  he  applies 
the  name  Bunter  sandstein,  from  their  supposed  identity  in  geolo- 
gical position  with  the  beds  so  termed  in  Grermany,  at  600  feet ;  thus 
giving  1700  feet  for  the  total  thickness  of  the  new  red  sandstone 
accumulations  of  Cheshire,  one  which  Mr.  Ormerod  nevertheless  con- 
siders as  far  below  the  real  depth. 

From  the  care  taken  by  Mr.  Ormerod,  his  paper  becomes  a  valusr 
ble  addition  to  our  knowledge  of  the  upper  parts  of  that  remarkable 
accumulation  of  beds,  a  group  of  much  interest,  to  which  the  English 
geologists  have  given  the  name  New  Red  Sandstone.  With  r^^ard 
to  the  saline  character  of  its  upper  part,  as  shown  in  the  district  de- 
scribed by  Mr.  Ormerod,  you  are  aware  that  many  hvpotheses  have 
been  brought  forward  to  account  for  the  occurrence  of  rock-salt  amid 
rocks  of  this  and  other  geological  periods.  No  doubt  we  should  not 
limit  ourselves  to  one  view  of  the  mode  of  occurrence  of  salt  and  beds 
highly  impregnated  with  saline  matter,  when  several  explanations 
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may  be  open  to  us ;  but  looking  at  the  distribution  of  the  salt  amid 
suoi  accumulations  as  those  noticed  by  Mr.  Ormerod,  and  at  the  in- 
formation (scanty  though  it  may  be  on  some  very  essential  points) 
which  we  possess  respecting  the  saline  lakes  and  salt  deposits  of  the 
great  depression  of  Asia,  it  would  be  very  desirable  to  have  careful 
comparisons  made  as  regards  the  probable  accumulation  of  the  saline 
deposits  of  England  from  the  evaporation  of  salt  water  in  minor  basins 
amid  mud  and  sand.  There  are  many  interesting  facts  of  importance 
in  this  inquiry  known  as  to  the  isolation  of  minor  portions  of  the 
lakes  in  the  great  depressed  area  of  Asia,  the  evaporation  in  which 
appears  more  considerable  than  the  supply  of  water.  After  a  long 
lapse  of  time  salt  not  only  constitutes  great  cakes,  or  lenticular  masses 
of  various  dimensions  and  forms,  but  remains  also  in  the  dried-up 
ground ;  the  latter  finally  so  deprived  of  moisture  in  many  localities 
as  to  be  blown  about,  forming  deserts.  The  water  eventually  remain- 
ing 18  gathered  here  and  there  in  salt  lakes,  more  or  less  modified  in 
tluor  saline  contents  by  the  various  salts  carried  by  running  waters 
into  them,  and  they  will  remain  as  such  so  long  as  the  supply  of  rain- 
and  river-water  equals  the  evaporation.  We  should  expect  salt  to  be 
well-dififused  amia  sands  and  mud  accumulated  in  the  sea,  and  not  to 
be  washed  out  except  under  conditions,  such  as  that  of  the  so-formed 
beds  being  elevated  above  the  ocean-level,  when  the  percolation  of 
waters  derived  from  the  atmosphere  would  carry  ofif  in  solution  the 
chloride  of  sodium  and  soluble  matter,  restoring  to  the  sea  that  which 
had  been  entangled  amid  the  deposits  previously  formed  in  it.  In 
point  of  fact,  we  find  chloride  of  sodium  a  very  common  substance 
m  spring  and  river  waters. 

From  the  pattering  about  of  reptiles  at  the  period  of  our  new  red 
landstone,  as  shown  by  their  foot-marks  left  in  certain  localities,  we 
may  infer,  whatever  the  inequalities  and  varieties  of  depths  may  have 
be^  after  the  exertion  of  the  force  which  so  disturbed  the  coal- 
measures  and  other  older  rocks  of  the  British  area,  and  thrust  a  por- 
tion of  them  as  dry  land  into  the  atmosphere,  that  as  the  deposits 
went  on  very  shallow  water  skirted  the  lands.  With  shallow  water 
sli^t  changes  of  the  relative  level  of  sea  and  land  would  produce 
considerable  surface  modifications.  Many  depressions  around  the 
coast  of  the  British  islands  would  be  converted  into  salt  lakes  if  the 
bottom  of  the  surrounding  seas  were  elevated,  and  the  sea-water  left 
eraporated,  should  there  men  be  an  insufficient  supply  of  rain-water. 

The  mode  of  occurrence  of  the  footprints  above  noticed  is  such, 
more  particularly  when  we  regard  the  evidence  of  cracks  filled  up  in 
the  same  beds,  that  we  can  scarcely  doubt  the  mud  or  silt  upon 
whidi  the  animals  trod  to  have  been  subaerial  at  the  time,  and  tnat 
it  was  afterwards  covered  by  water  bringing  detritus  with  it.  In 
estuaries  or  gulfs  where  spring  tides  attain  a  great  height,  such  as  in 
the  Bristol  Channel  or  in  the  Bay  of  Fundy,  the  space  left  between 
spring  and  neap  tides  is  often  considerable,  and  the  tracks  of  birds 
Uid  mammals  are  common  upon  the  mud  so  exposed,  particularly 
those  of  the  former.  In  summer  weather  this  may  be  well  seen  on 
the  shores  of  the  Bristol  Channel  near  the  embouchures  of  the  Avon 
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and  Wye.  The  geologist  who  observes  these  tracks,  their  hardened 
state  from  exposure  to  a  hot  son,  and  the  cracks  in  the  general  sur- 
face of  mud,  will  not  fail  to  see  the  resemblance  of  such  surfaces  to 
those  laid  bare  in  quarries,  where  the  tracks  of  auimals  are  found. 
He  has  but  to  suppose  a  gradual  sinking  of  the  mass  of  such  land 
beneath  the  sea,  and  take  into  account  all  the  modifications  which 
would  arise  from  alterations  in  the  heights  of  tide,  and  spread  of  mud 
flats,  to  see  how  readily  the  results  would  resemble  those  deposits  in 
which  bird-tracks  have  been  found  by  Professor  Hitchcock  and 
others  in  America,  and  amid  the  new  red  sandstones  in  Europe. 

A  communication  was  made  to  you  by  Professor  Ramsay  and 
Mr.  Aveline,  giving  the  results  of  examinations  by  the  Geological 
Survey  of  parts  of  North  and  South  Wales,  it  being  thought  highly 
desirable  that  this  branch  of  the  public  service  should  aid  the  pro- 
gress of  the  Geological  Society  whenever  opportunities  might  occur. 
In  this  communication  the  authors  point  out  that,  on  the  south  and 
south-east  of  the  Dolgelly  and  Bala  district,  certain  bands  of  sand- 
stone, though  comparatively  of  trifling  thickness,  are  important  as 
explaining  tne  structure  of  Wales.  These  are  local  and  intermittent, 
in  part  skirting  the  base  of  the  overlying  rocks  through  Montgomery- 
shire and  Ramiorshire  far  down  into  South  Wales.  Above  these 
sandstones  are  slaty  shales,  1000  to  1500  feet  thick,  and,  resting 
upon  the  latter,  sandstones,  mingled  with  occasional  shales,  about 
2000  feet  thick.  These  the  authors  refer  to  the  Caradoc  sandstone 
of  Sir  Roderick  Murchison.  They  support  the  Wenlock  shales,  in 
their  turn  surmounted  by  the  Ludlow  rocks  of  Montgomeryshire. 

It  is  shown  that  the  slates  and  associated  contemporaneous  igneous 
rocks  of  the  country  north  of  Bishop's  Castle  rise  from  beneath  the 
Wenlock  shales  of  Montgomeryshire,  and  present  the  same  characters 
as  the  slates  and  igneous  rocks  of  Merionethshire,  resting  on  the 
purple,  green,  and  grey  sandstones  of  the  Longmynds,  which  occupy 
the  same  position  as  the  Barmouth  sandstones  of  Merionethshire 
and  Caernarvonshire.  A  mere  trace  of  Caradoc  sandstones  is  occa- 
sionally seen  between  the  Wenlock  shales  and  the  older  rocks  of  the 
Bishop's  Castle  district.  The  Wenlock  shales  run  across  the  strike 
of  these  older  rocks. 

On  the  north-east  of  Welshpool,  black  slates  and  associated  con- 
temporaneous igneous  rocks  again  emerge  from  beneath  the  Wenlock 
shales.  On  the  north  of  Builth  the  same  rocks  are  seen  lapped 
nearly  round  by  Wenlock  shale,  without  the  intervention  of  Caradoc 
sandstone.  At  Llanwrtyd  and  Baxter's  Bank,  Radnorshire,  similar 
rocks  rise  up  amid  black  slates,  and  at  St.  David's,  Pembrokeshire, 
contemporaneous  igneous  rocks  with  associated  black  slates  come  to 
the  surface,  and  repose  on  rocks  similar  to  the  Barmouth  sandstones 
and  the  old  deposits  of  the  Longmynds. 

It  is  incidentally  noticed  that  **  the  igneous  rocks  which  occasion- 
ally appear  in  the  Ime  of  the  great  Shropshire  and  Radnorshire  fault 
are  of  oififerent  date  and  structure  from  those  heretofore  alluded  to. 
They  are  always  massive  (greenstones,  syenites,  &c.) ;  the^  inva- 
riably appear  in  the  line  of  great  dislocation,  and  alter  by  bakiiig,  or 
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semi-Aisioii,  whatever  strata  they  may  chance  to  come  in  contact 
with»  of  whatever  age  those  strata  may  be." 

From  the  mode  in  which  the  equivalent  of  the  Caradoc  sieuidstone 
reposes  on  the  Longmynd  beds,  lymg  nnconformably  upon  them,  and 
from  being  composed  of  water-worn  pebbles  derived  from  them,  the 
authors  infer  that  this  accumulation  formed  the  coast  boundair  of 
the  sea  of  the  time.  So  that  from  this  circumstance  and  other  facts 
noticed.  Professor  Ramsay  and  Mr.  Aveline  consider  the  Longmynd 
country  to  have  constituted  dry  land  washed  by  a  sea  at  a  level  equal 
to  the  Caradoc  sandstone  accumulations  of  the  vicinity. 

Tracing  the  western  boundary  of  the  Caradoc  sandstone  northward 
it  is  found  several  hundred  feet  above  the  Bala  limestone,  north-east 
frt)m  Dinas  Mowddy,  and  in  its  progress  north  and  west  it  gradually 
creeps  over  the  various  beds,  so  that  at  Yspytty  Evan  it  occurs  at 
the  level  of  that  limestone,  proving  an  overlap.  Approaching  Builth, 
the  Caradoc  series  turns  off  eastward,  as  if  the  boss  of  older  rocks  to 
the  northward  of  that  place  had  formed  a  barrier  to  their  frirther 
extension  in  that  direction.  Further  south  they  have  not  been  seen, 
and  they  would  appear  there  and  around  the  older  rocks  of  Builth 
to  be  overlapped  by  the  Wenlock  shales. 

The  authors  infer,  from  the  unconformity  of  the  Caradoc  and  Wen- 
lock  deposits,  in  connection  with  the  old  coast-line  of  the  Longmynds 
and  Bishop's  Castle  series,  that  both  at  Builth  and  Bishop's  Castle, 
the  older  rocks  rose  above  the  level  of  the  sea  at  the  time  when  the 
Caradoc  sandstone  was  formed,  this  land  becoming  gradually  de- 
pressed durine  the  deposit  of  the  Wenlock  and  Ludlow  rocks.  Thus 
this  dry  land  became  covered  by  thousands  of  feet  of  sands  and  mud 
mingled  with  the  remains  of  marine  animals,  geological  changes  having 
now  again  brought  this  old  surface,  denuded  of  its  great  covering, 
above  the  level  of  the  sea,  so  that  it  again  forms  dry  knd. 

It  will  be  scarcely  necessary  to  call  attention  to  the  importance  of 
these  facts  and  the  views  connected  with  them.  Deposits  of  the  age 
of  theUandeilo  flass,  with  the  older  strata  on  which  thev  repose,  upset 
and  bent,  rising  above  a  sea,  and  by  their  loss  from  breaker-action 
on  the  coasts  and  the  abrasion  from  atmospheric  influences  inland, 
forming  sand  and  mud  beds  around  them,  in  which  the  remains  of 
the  marine  animals  of  the  time  became  entombed,  and  this  at  a 
period  when,  as  far  as  our  present  information  extends,  the  earliest 
kind  of  life  established  on  our  globe  was  yet  unchanged  in  its  eeneral 
fdiaracter.  Thus  it  is  diat  b^  carefrd  and  minute  study  we  obtain  a 
gtimpse  of  the  probable  distnbution  of  land  and  sea  at  this  period  in 
part  of  the  area  now  occupied  by  the  Britbh  islands,— 'much  doubtless 
that  was  then  contemporaneous  as  drv  land  being  cut  away  by  denu- 
dii^  forces  during  the  progress  of  ecological  time,  the  matter  removed 
transported  around,  much  of  it  often  used  over  and  over  again,  con- 
stitutmg  other  rocks,  and  a  large  portion  of  the  old  rocks  much  may 
be  still  remaining  in  their  places  of  original  deposit  being  covered 
over  by  these  more  modem  deposits,  or  concealed  beneath  the  sea. 

Mr.  Beete  Jukes  and  Mr.  Alfred  Selwyn  have  presented  us  with  a 
sketch  of  the  structure  of  the  country  extending  from  Cader  Idris  to 
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Moel  Siabod,  in  North  Wales,  also  the  result  of  their  labours  on  the 
Geological  Survey.  They  show  that  a  series  of  sandstones  and  con- 
glomerates, with  some  beds  of  purple  and  blue  slates,  and  ooca- 
sionally  trap  rocks,  about  3000  feet  thick,  constitute  the  base  of 
that  part  of  Wales.  These  are  known  as  the  Barmouth  and  Harlech 
sandstones,  constituting  the  land  which  borders  the  coast,  at  and 
between  those  places,  and  forming  the  lower  part  of  an  irregular 
dome-shaped  mass,  dipping,  where  covered  by  other  rocks,  beneath 
the  next  or  trappean  group.  This,  with  some  flexures  belonging  to 
it,  is  well  known  to  you  from  the  descriptions  of  Professor  Sedgwick, 
constituting  his  '  Great  Merioneth  Anticlinal.' 

The  trappean  group  is  so  named  from  containing  igneous  rocks, 
some  felspathic,  others  homblendic,  with  beds  of  'ash,'  probably 
ejected  into  the  air  from  volcanic  vents  and,  falling  in  water,  arranged 
hke  ordinary  detritus  by  tides  and  currents,  as  noticed  in  the  address 
of  last  year.  The  authors  separate  this  group,  to  the  whole  of 
which  they  assign  a  thickness  of  15,000  feet,  into  two  divisions^  the 
lower  containing  blue  and  grey  slates  and  fla^tones,  and  known  as 
the  Lingula  beos,  an  abundance  of  that  shell,  with  some  other  fossils, 
beine  discovered  in  them.  In  the  upper  division  are  many  inter- 
stratified  beds  of  black  slate,  often  occurring  as  irregular  and  lenti- 
cular masses,  and  graduating  into  '  ash.'  Lingulse  and  gn^tolites 
are  found  in  these  beds,  though  not  very  abimdantly. 

Upon  these  deposits  rests  the  Bala  ^oup,  estimated  at  9000  feet 
thick.  This  is  divided  into  a  lower  senes,  composed  of  black  slates, 
of  variable  thickness,  fine-grained  and  brittle,  the  true  lamination 
being  often  entirely  concealed  by  cleavage  and  numerous  joints ; — 
and  an  upper  series  formed  of  a  grey  arenaceous  slate,  often  passing 
into  a  hard  splintery  grit.  In  the  lower  part  of  this  latter  division 
there  are  one  or  two  beds  of  trappean  ash,  and  in  its  centre  occurs 
the  limestone  so  well  known  as  the  Bala  Umestone,  celebrated  for  its 
organic  remains.  Sometimes,  but  very  rarely,  there  is  a  band  of 
limestone  in  its  upper  part,  of  which  the  Hirnant  limestone  is  an 
example. 

The  authors  state  that  almost  all  the  igneous  rocks  of  the  trap- 
pean group  are  contemporaneous  with  the  beds  amid  which  they  are 
foimd,  the  ash  beds  formed  from  iffneous  materials  arranged  in 
water, — the  gradual  passage  above  and  beneath  the  more  sohd  trap- 
pean rocks  showing  that  "  its  exhibition  was  intimately  connected 
with  the  commencement  and  end  of  the  igneous  action  which  pro- 
duced them." 

It  may  not  be  here  out  of  place  to  mention  that  the  progress  of 
the  Geological  Survey  has  shown,  that  after  the  dip  of  the  Bar- 
mouth and  Harlech  sandstones  north-westward  beneath  the  trappean 
group  of  Snowdon  and  its  associated  mountains,  they  rise  again, 
Uiough  with  diminished  thickness,  in  the  line  of  country  passing 
across  the  Llanberis  lakes,  resting  upon  those  highly  cleaved  purple 
beds,  so  extensively  employed  for  roofing-slates,  in  the  valleys  of 
Nant  Francon,  Llanberis,  and  Llanllyfiii.  These  slates  repose  on 
fmd  are  interstratified  with  sandstones  and  conglomerates,  mingled 
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With  tnppean  rocks,  in  their  turn  resting  upon  a  mass  of  black  slates, 
which  corer  other  sandstones  and  conglomerates  well-seen  in  the 
Tidnity  of  Bangor.  Still  lower  rocks  are  found  in  Anglesea,  chiefly 
micaceous  and  chloritic  slates,  mixed  occasionally  with  quarts  rocks, 
of  which  those  forming  the  Holyhead  mountain  afford  excellent  ex- 
amples, with  here  and  there  also  some  calcareous  matter,  even  form- 
ing limestone. 

Having  received  a  letter  from  Professor  Naumann  of  Leipsic 
respecting  certain  sandstones  and  schistose  clays  of  the  environs  of 
Oschatz,  referring  these  rocks  to  the  Permian  system.  Sir  Roderick 
Murchison  communicated  this  letter  to  the  Society,  with  a  few  re- 
marks recalling  your  attention  to  the  reasons  wmch  had  induced 
him  to  assign  the  name  of  Permian  to  the  accumulation  of  deposits 
of  which  the  roth-li^nde  of  German  geologists  forms  the  base,  and 
which  also  includes  their  sechstein  and  kupferschiefer.  Professor 
Namnann  mentions  the  discovery  in  these  deposits  of  Calamites  ffiffos, 
a  fern  allied  to  Sphenopteris  erota,  and  many  plants  differing  from 
those  of  the  coal-measures,  and  stated  that  many  of  the  ichthyolites 
are  similar  to  the  Palseoniscus  or  Amblvpteris,  and  to  the  Xena* 
canthus  of  Beyrich.  The  general  mineral  aspect  of  the  lower  beds, 
white  sandstone  and  ereyish  schists,  referred  to  the  roth-h^ende, 
and  about  800  feet  thick,  is  stated  to  resemble  that  of  the  coal- 
measures,  above  which  come  (1)  quartziferous  porphyry,  (2^  red 
sandstones,  (3)  zechstein  (30  to  60  feet  thick  only),  and  (4)  red 
and  mottled  clays. 

Although  generally  in  the  British  islands  we  have  so  much  evi- 
dence of  a  great  disturbance  of  deposits,  after  those  to  which  we 
have  given  the  name  of  coal-measures,  so  that  the  various  beds  of  the 
new  red  sandstone  series  of  English  geologists  are  discovered  resting 
nnconformably  upon  such  portions  of  these  older  rocks  as  may  have 
been  beneath  the  waters  in  which  the  newer  accumulations  were 
effected,  we  should  expect  to  find  beyond  the  area  so  disturbed,  evi- 
dence as  to  a  passage  of  the  one  series  into  the  other.  Moreover  we 
are  not  to  suppose  the  ocean  blotted  out  from  the  face  of  the  globe, 
while  deposits,  marking  the  growth  of  plants  over  great  areas,  were 
takinff  place  in  apparently  fresh  waters  during  our  coal-measure 
period.  We  have  to  expect  also  equivalent  accumulations  in  equal 
geological  time  entirely  marine,  from  equivalents  inclusive  of  the 
carboniferous  limestone,  which  of  course  need  not  contain  a  limestone 
bed  in  them  where  there  was  no  supply  of  calcareous  matter  from  the 
harder  parts  of  marine  animals  or  from  springs,  to  equivalents  of  the 
oolitic  series  of  western  Europe  inclusive,  and  which  mav  also  have 
been  formed  in  certain  regions  under  totally  different  conditions. 

By  r^arding  deposits  on  the  great  sc^e,  particularly  when  land 
plants  that  may  have  grown  upon  the  beds  above  which  their  re- 
mains now  form  coal,  or  that  may  only  have  been  drifted  moderate 
distances,  are  concerned,  and  thus  a  fair  admixture  of  land  and  water 
be  inferred,  we  shall  eventually  arrive  at  real  equivalents  in  geological 
time,  and  at  the  desirableness  of  particular  groups  and  divisions  in 
geological  accmnulations.    It  is  interesting  to  consider  that  within 
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SO  moderate  a  distance  as  southern  and  northern  England,  while  tlie 
coal  beds  of  the  south  do  not  contain  marine  admixtures  for  several 
thousand  feet  in  thickness,  this  is  not  the  case  when  we  proceed 
northward,  where  we  find  coal  beds,  with  deposits  formerly  naere 
gravels,  sands,  clay  and  mud,  intermingled  with  the  marine  animal 
remains  and  odcareous  strata  of  the  carboniferous  limestone  period. 

There  would  appear  little  doubt,  that  while  we  take  the  remains  a€ 
animal  and  vegetable  life  entombed  in  rocks  for  our  chief  guides, 
dividing  off  vertically,  so  to  speak,  various  portions  of  the  deposits 
which  have  taken  place  on  the  surface  of  our  planet,  it  is  extremely 
useful  to  have  many  divisions  made  in  different  situations  for  reference. 
Thus  eventually,  when  larger  portions  of  the  earth's  surface  become 
more  known  than  they  now  are  as  regards  the  distribution  of  land 
and  water  at  equal  geological  times,  the  classifications  of  the  various 
accumulations  m  vertical  divisions  according  to  the  remains  of  animals 
and  plants  found  in  them  will  be  the  better  effected,  and  the  com-- 
binations  of  physical  conditions  with  the  distribution  of  animal  and 
vegetable  Ufe  at  equal  times  will  be  the  better  understood. 

As  far  as  the  series  of  deposits  in  this  country,  known  to  us  as 
magnesian  limestone  (equivalent  to  the  German  zechstein,  with  its 
associated  beds^,  and  certain  inferior  and  perhaps  superior  strata,  are 
concerned,  it  forms  part  of  a  greater  series  formed  under  similar 
general  physical  conditions,  and  subsequently  to  a  very  important 
physical  change  effected  in  the  same  area, — ^a  great  twisting,  crump- 
ling and  squeezing  of  previous  deposits,  so  that  part  of  the  latter 
were  above  the  seas  of  the  tkne  and  part  beneath.  The  general 
evidence  is  that  the  parts  above  water  became  gradually  depressed 
to  a  certain  level,  gravels,  sands  and  mud  accumulating  as  a  whole  in 
water  containing  much  iron,  probably  mechanically  suspended  as  a 
peroxide,  the  gravels  forming  old  beaches  often  traceable,  even  up  to 
the  time  of  the  mixture  of  calcareous  matter  and  mud  of  the  lias,  as 
is  well  shown  in  Somersetshire,  Gloucestershire,  and  South  Wales. 
Hence  in  our  land  the  Permian  series  would  become  one  wholly 
founded  upon  palseontological  considerations,  inferences  as  to  the 
physical  conditions  under  which  it  was  here  formed,  leading  us  to 
suppose  it  the  base  of  deposits  to  the  upper  part  of  which  the  term 
*  trias  *  has  of  late  years  been  appUed.  This  may,  however,  turn  out 
to  have  been  a  mere  local  condition  of  part  of  western  Europe,  un- 
disturbed accumulations  elsewhere  having  been  effected  much  more 
generally,  in  which  it  miEiy  be  as  useful  to  make  divisions  as  in  other 
deposits  classified  under  the  head  of  palaeozoic  rocks,  which  we 
sometimes  find  graduating  into  one  another,  and  at  other  times  in 
contact  in  unconformable  positions,  according  as  the  inferior  rocks 
may  or  may  not  have  been  disturbed  anterior  to  their  deposit.  Much 
has  yet  to  be  accomplished  as  to  the  history,  so  to  speak,  of  the 
rocks  of  this  geological  period,  and  more  particularly  as  to  the  pro- 
bable distribution  of  the  land  whence  the  gravels,  sands  and  mud  of 
which  they  were  formed  have  been  derived.  In  the  mean  time  all 
aids  towards  this  history  are  highly  valuable,  and  hence  such  com- 
munications as  that  of  Professor  Naumann  are  important,  illustrating 
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fts  thej  do  diyisions  in  the  accumulations  of  a  particular  geological 
time,  which  Sir  Roderick  Murchison  considers  it  is  desirable  to  esta- 
blish, firom  his  researches  in  Russia  and  elsewhere,  in  Europe. 

We  are  indebted  to  our  Secretary,  Mr.  Carrick  Moore,  for  an 
account  of  some  fossiliferous  beds  in  the  Silurian  rocks  of  Wigton- 
shire  and  Ayrshire,  in  which,  after  alluding  to  the  labours  of 
Mr.  Nicol,  and  stating  that  in  the  main  the  description  given  of 
Peebleshire  by  Mr.  Nicol  is  applicable  to  Wigtonshire  and  the  south 
of  Ayrsliire,  he  mentions  that  the  rocks  consist  of  coarse  and  thin- 
bedded  greywacke,  clay-slate  in  which  true  slaty  cleavage  cannot  be 
detected,  and  igneous  rocks,  in  Wigtonshire  "usually  felspathic, 
varying  from  a  nearly  pure  felspar  rock  to  a  syenite."  Though  the 
igneous  masses  appear  to  follow  the  range  of,  and  be  interstratified 
with,  the  sedimentary  accumulations  with  which  they  are  associated, 
our  colleague  considers  the  coast  sections  as  showing  that  when  the 
igneous  beds  are  properly  traced,  they  can  be  seen  to  cut  the  sedi- 
mentary rocks,  generally  afterwards,  nevertheless,  resuming  their 
course  with  them.  It  is  also  remarked  that  these  latter  are  altered 
at  the  contact,  becoming  more  or  less  porphyritic,  dark  shales  changed 
to  white,  and  sometimes  to  red  ;  and  these  effects  observable  on  both 
sides  of  the  dykes. 

Mr.  Carrick  Moore  then  describes  in  detail  the  section  exhibited 
along  the  Irish  Sea  from  the  Mull  of  Gralloway  to  Corswall  Point. 
He  mentions  a  patch  of  granite  near  Dunman  Hill,  not  previously 
noticed,  as  wortny  of  attention  from  its  being  the  only  piece  hitherto 
observed  on  the  surface  between  the  granite  of  Camsmuir  on  the 
Cree,  Kirkcudbrightshire,  and  that  of  the  Mome  Mountains,  in 
Ireland.  A  mass  of  syenite  at  Caimgarroch  alters  the  adjoining 
sedimentary  rocks,  and  dykes  of  it  are  seen  to  cut  them.  Black 
slates  frdl  of  gniptolites  are  mentioned  at  Morroch  Bay ;  slaty  shales 
and  flags  contain  graptolites  at  Porto  Bello  Bay,  and  these  fossils  also 
occur  in  a  red  flag  or  tilestone  at  Dally  Bay,  and  in  the  continuation 
of  the  same  range  of  rocks  at  the  Cairn.  A  limestone  in  the  valley  of 
the  Stincher  afforded  fossils,  for  the  most  part  ill-preserved  and  not 
numerous.  Orthides  however  are  well-preserved,  and  they  were 
abundant  at  Knockdolian. 

It  may  be  scarcely  necessair  to  allude  to  the  value  of  the  organic 
remains  thus  obtained  by  Mr.  Carrick  Moore,  and  the  aid  they 
afford  towards  a  good  understanding  of  the  geological  a^  of  the 
beds  in  which  they  are  found.  Mr.  Salter,  who  examined  the  col- 
lection, obtained  from  the  limestones  of  the  Stincher  river  and  the 
slates  of  Loch  Ryan,  considers  that  these  beds  may  be  referred  to 
the  age  of  the  Lower  Silurian  rocks. 

One  of  those  conglomerates  which  may  mark  shores  at  this  period, 
or  at  all  events  conditions  under  which  water-action  could  round  and 
transport  pebbles  and  portions  of  rock  bavins  considerable  size,  is 
noticed  as  occurring  near  the  Corswall  Lighthouse.  The  boulders 
are  sometimes  as  much  as  three,  four,  and  even  five  feet  in  diameter, 
showing  the  effects  of  no  slight  abrading  force.  Among  the  pebbles 
and  boulders,  chiefly  consisting  of  red  quartsdferous  porphyry  and 
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Sej  syenite,  serpentine  and  red  jasper  are  found,  and  Mr.  Canrick 
oore  remarks,  though  serpentine  occurs  abundantly  at  the  B^iiuui 
Head,  that  that  mass  penetrates  and  alters  sandstones  newer  than 
the  coal-measures.  It  might  be  hence  inferred  that  in  this  locality 
serpentine  had  been  ejected  at  different  periods.  Indeed  igneoua 
rocks  seem  to  have  been  thrown  out  in  this  vicinity  in  no  little 
abundance  and  variety,  and  in  tracine  their  connection  with  the  sedi- 
mentary deposits  it  becomes  very  desirable  to  study  the  different 
dates  at  which  they  became  intermingled.  It  may  be  expected  thai 
while  the  igneous  rock  broke  through  existing  deposits,  altering  the 
latter  when  traversing  them  as  dykes,  or  where  the  molten  mass 
may  have  overflowed  them,  yet  that  the  superincumboit  sedim^itanr 
bed  was  deposited  after  such  ejection  of  the  igneous  rock,  which 
thus  at  the  same  time  appears  to  cut  the  beds  of  an  association  of 
deposits,  to  which  we  may  assign  some  given  name,  and  yet  is  con- 
temporaneous with  the  deposits  taken  generally.  Indeed  such  facts 
are  sufficiently  common. 

Dr.  Gksner,  in  that  spirit  which  marks  the  cultivator  of  scienoe 
for  its  own  sake,  finding  that  his  views  respecting  the  geological  po- 
sition of  the  gypsum  of  Nova  Scotia,  and  which  you  will  remember, 
were  different  from  those  of  Sir  Charles  Lyell,  has  informed  us  that 
in  a  new  work  by  him  on  the  industrial  resources  of  Nova  Scotia  he 
gives  his  reasons  for  not  further  supporting  his  first  impressions 
on  that  head.  He  now  agrees  with  Sur  Charles  Lyell  that  the  gyp- 
sum occurs  with  the  limestone  beneath  the  coal-measures.  Although 
we  know  of  no  good  reason  why  sulphate  of  lime  should  not  occur,  as 
well  in  the  geological  situation  noticed,  as  in  those  with  which  we  are 
more  familiar  in  western  Europe,  it  is  still  very  useful  to  have  this 
disputed  point  as  regards  a  particular  district  settled. 

In  his  further  observations  on  the  geology  of  Ridgwi^,  near  Wey- 
mouth, Mr.  Weston  states  that  the  variegated  days  and  sands  which 
he  had  noticed  in  that  vicinity  are  not  load,  but  to  be  traced  in  Kent, 
the  south  of  Sussex,  in  the  Isle  of  Wight  and  in  other  parts  of  Dor- 
setshire, and  that  Uiey  are  exposed  upon  the  Brighton  and  London 
Railway,  in  the  vicinity  of  Balcombe  and  within  Tilgate  Forest.  In 
Sussex  these  variegated  beds  are  very  subordinate,  but  become  more 
developed  to  the  westward.  Mr.  Weston  cites  the  notice  of  these 
beds  by  Dr.  Fitton  in  his  *  Geological  Sketch  of  the  vicinity  of  Hast- 
ings.' He  remarks  that  they  occur  beneath  the  sandstone,  with  iron- 
ore,  noticed  by  Mr.  Webster,  and  rest  upon  the  shale  with  round 
masses  of  sandstone  and  layers  of  argillaceous  iron-ore  of  the  same 
author.  Referring  to  the  view  of  Dr.  Mantell,  that  this  shale  forms 
the  upper  part  of  the  Ashbumham  beds  of  the  Wealden  series,  Mr. 
Weston  places  these  variegated  clays  in  the  lowest  part  of  the  Worth 
and  Tilgate  group,  separating  it  from  the  Ashbumham  beds.  The 
various  colours  of  the  clays  he  attributes  to  the  different  states  of 
oxidation  of  the  iron  in  them. 

In  this  communication  many  details  are  given  of  the  author's  ob- 
servations on  the  Hastings  beds,  equivalent  to  those  of  the  Ridgway, 
from  Hythe,  Kent,  by  Hastings,  the  Isle  of  Wight,  Swanage  Bay, 
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Warbarrow  Bay,  Lulworth  Cove,  and  to  the  Man-of-War  and  Durdle 
Coves,  where  the  last  coast  exhibition  of  the  Wealden  rocks  is  ob- 
servable. Mr.  Weston  considers  that  he  has  fully  established  the 
extension  of  the  Hastings  sands  as  far  westward  as  Ridgway,  and 
he  mentions  finding  the  Purbeck  beds  at  the  end  of  the  Uorton 
R«D^,  spreading  therefore  with  the  Portland  beds  to  the  vicinity  of 
FWiisham. 

From  the  different  physical  conditions  under  which  the  oohtic  se- 
ries, and  that  of  the  Wealden  above  it,  have  been  accumulated,  all 
&cCs  tending  to  throw  light  on  the  extension  of  the  various  beds  com- 
posing the  latter  are  valuable,  as  thev  enable  us  the  better  to  judge 
of  the  configuration  of  the  area  under  the  fitting  conditions  for  the 
minor  and  successive  deposits.  The  oolitic  series  of  southern  England, 
there  is  reason  to  believe,  was  accumulated  within  a  gradually  dimi- 
Btfhing  area,  from  a  gradual  rise  and  filling  up  of  the  sea-bottom, 
so  that  finally  dry  land  with  soil  and  trees  growing  on  it  was  esta- 
blished, as  for  instimce  near  Weymouth.  The  detritus  afterwards 
accumulated  in  part  of  the  previously  marine  area  of  England,  and 
in  some  parts  of  the  continent  of  Europe,  is  now  well  understood 
not  to  have  reached  a  sea ;  and  we  may  suppose  the  elevation  of  the 
land  to  have  gone  on  gradually  for  some  time,  throwing  perhaps  the 
sea-coasts  further  o^  though  not  of  course  preventmg  marine 
accumulations  of  great  importance  of  the  same  date  in  the  area 
now  occupied  by  Europe  and  even  probably  in  parts  of  England. 
As  careful  observation  becomes  more  extended  we  may  hope  to 
obtain  some  evidence  of  the  coast-lines  of  the  time,  as  also  of  the 
boundaries  of  ft^shwater  accumulations,  whether  in  great  lakes,  like 
those  of  North  America,  or  on  the  sides  of  large  rivers.  The  occur- 
rence of  freshwater  deposits  is  a  considerable  aid  towards  our  know- 
ledge of  land  and  sea  at  different  geological  times,  and  the  value  of 
getting  the  extreme  points  to  which  certain  of  them,  even  minor  di- 
tiflkms  of  a  series  like  that  of  the  Wealden,  may  be  found  to  range, 
is  ahrays  important.  If  we  imagine  a  large  part  of  Europe  to  be  now 
^•dually  raised  1000  feet,  and  then  as  gradually  depressed  2000  feet, 
and  consider  the  various  figures  which  the  different  intermixtures  of 
land  and  water  would  present,  when  the  solid  land  was  most  elevated 
and  most  depressed,  as  also  all  the  modifications  during  the  period 
of  rise  and  aepression,  from  altered  sea-coast  lines,  the  direction  and 
force  of  tidal  streams,  changed  sub-aerial  drainage  areas,  the  courses 
and  variable  magnitude  of  rivers,  and  the  like,  we  may  obtain  some- 
what of  an  idea  of  the  physical  modifications  of  various  kinds  effected 
during  the  accumulation  of  the  deposits  known  to  us  as  the  Wealden 
and  cretaceous  series.  We  must  however  carefullv  guard  against 
sopposine  that  this  kind  of  rise  and  depression,  with  its  consequences, 
was  anything  out  of  the  ordinary  course  of  geological  events.  Every 
day  bnngs  us  evidence  of  the  probable  change  of  even  the  European 
area,  as  regards  land  and  water,  at  different  geological  times ;  though, 
of  course,  as  those  changes  were  the  more  ancient,  the  more  difiicult 
it  may  be,  from  continu^  denudations  and  a  multitude  of  overlaps 
l^  leas  old  deposits,  to  trace  them,  and  find  satisfactory  evidence  con- 
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nected  with  them.  How  far  these  great  changes  m  various  parts  of 
the  earth's  surface  may  have heen  sometimesvery  gradual,  at  other  times 
marked  by  great  local  disturbances,  remams  to  be  carefully  ascertained. 
We  seem  to  possess  good  facts  respecting  some  of  them,  but  it  will  be 
evident  that  we  must  wait  for  very  careral  examinations  of  many  re- 
gions, inchiding  some  supposed  to  be  fairly  known  in  this  part  of  the 
world,  before  we  can  gatner  together  sufficient  data  on  wluch  to  rea- 
son correctly  even  respecting  the  European  area. 

From  Mr.  Prestwich  we  have  had  additional  information  respect- 
ing the  tertiary  accumulations  of  Southern  England,  in  a  paper  "  On 
the  Position  and  General  Characters  of  the  Strata  exhibited  on  the 
Coast  Section  from  Christchurch  Harbour  to  Poole  Harbour."  In  this 
communication,  after  alluding  to  the  change  apparent  in  the  lower 
tertiary  or  eocene  beds  between  the  sections  exposed  at  Alum  Bay 
and  WhitecHfF  Bay,  and  to  the  descriptions  of  the  coast  he  was  about 
to  notice  by  Sir  Charles  Lyell,  he  proceeded  to  consider  the  relations 
of  the  beds  seen  to  the  Barton  clay,  and  to  make  some  remarks  on 
their  physical  conditions.  Reference  was  made  to  the  interest  af- 
forded by  the  physical  structure  of  the  district,  so  much  variation 
in  the  deposits  of  the  same  age  being  observable.  It  is  pointed  out^ 
that  while,  on  the  east  of  the  Isle  of  Wight,  the  series  of  accumula- 
tions between  the  London  and  Barton  clays  consist  of  a  thick  repe- 
tition of  sands  and  clays,  in  which  ''  the  absence  of  strong  drifts  is 
denoted  by  the  abundant  fossils  and  by  the  beds  of  shells  in  their 
normal  position,  uninjured  as  at  the  moment  of  their  entombment," 
and  vegetable  remains  being  scarce,  at  Alum  Bay  the  case  is  differ- 
ent. There  "  the  remains  of  drifted  vegetables  are  common ;  the 
strata  are  strongly  marked, — ^firesher,  as  it  were,  from  their  source  ; 
exhibit  the  action  of  stronger  drifts,  and  do  not  contain  a  single  fossil 
to  represent  the  200  species  abounding  in  the  synchronous  strata  at 
so  short  a  distance  eastward." 

Following  up  this  view,  Mr.  Prestwich  points  to  still  further 
irregularities  of  accumulation  towards  Poole,  indicating  an  approach 
to  the  sources  of  the  transport  of  detritus  into  the  seas  of  the  time, 
and  calls  attention  to  the  geological  interest  arising  from  a  proper 
study  of  the  ancient  physi^  conditions  obtaining  at  the  period  of 
these  deposits,  however  barren  and  unattractive  they  might  at  first 
sight  appear. 

Researches  of  this  kind  are  in  the  right  direction.  By  them  we 
shall  gradually  approximate  towards  the  causes  of  difference  or  re- 
semblance observable  in  the  accumulations  of  equal  geological  times, 
— ^not  only  as  respects  such  tertiary  deposits  as  are  here  noticed,  but 
those  of  various  ages, — ^which  are  so  needful  to  consider  when  we 
endeavour  to  account  for  the  spread  of  varied  mineral  accumulations 
over  wide  as  well  as  minor  areas.  By  carefully  weighing  the  evi- 
dences afforded  of  the  physical  conditions  of  given  times  with  those 
of  the  contemporary  animal  and  vegetable  life,  by  no  means  neglect- 
ing the  position  as  to  latitude  on  the  earth's  surface  of  any  deposits 
examined,  we  may  hope  to  attain  a  far  greater  knowledge  of  tne  re- 
lative disposition  of  land  and  water,  of  climates,  and  of  the  spread 
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of  animal  and  yegetable  life  as  geological  time  rolled  on  and  the  sur- 
hce  of  our  planet  became  modified  in  various  ways,  than  bj  forcing 
local  classifications  beyond  their  worth,  or  by  merely  taking  one  part 
of  the  evidence  without  the  other,  as  has  been  too  frequently  done. 

In  a  memoir  on  the  geology  of  the  neighbourhood  of  Oporto,  in- 
cluding the  Silurian  coal  of  Vallongo,  Mr.  Sharpe  furnished  us  with  a 
detailed  account  of  apart  of  Portugal,  of  which,  in  1832,  he  presented 
a  brief  notice  to  this  Society.  After  mention  of  the  crystalline  rocks 
near  Oporto,  his  section  showing  the  granite  of  Oporto  covered  on  the 
W.S.W.  and  £.N.£.  by  gneiss,  micaceous  schist  and  chloritic  schist, 
he  describes  a  band  of  rocks,  chiefly  formed  of  clay-slates,  resting  upon 
the  eastern  flank  of  the  latter,  ana  which,  'from  the  character  of  the 
(NTganic  remains  obtained  from  it,  he  refers  to  the  Lower  Silurian 
deposits.  The  lowest  part  of  this  series  is  remarkable  for  containing 
several  beds  of  anthracite,  worked  at  San  Pedro  da  Cora,  eight  mUes 
£.N.£.  from  Oporto.  Mr.  Sharpe  states  that  the  section  is  clear, 
and  that  these  lower  beds,  which  repose  on  chloritic  schist,  evidently 
dip  beneath  deposits  containing  Lower  Silurian  fossils.  The  upper 
part  of  the  group  is  formed  of  a  thick  accumulation  of  micaceous 
sandstone,  usually  yellow,  with  some  grey  carbonaceous  sandstone 
near  the  bottom.  This  rests  on  a  black  carbonaceous  slate,  among 
which  are  bands  of  indurated  ferruginous  clay,  passing  into  clay  iron- 
stone. Beneath  this  comes  a  dark  grey  or  black  hard  clay-slate, 
with  softer  chloritic  beds  of  a  pink  or  yellow  colour  in  the  lower  part. 
Notwithstanding  its  contortion,  this  slate  series  is  considered  to  nave 
considerable  thickness.  The  lower  beds  of  the  dark  grey  slates,  and 
those  lighter  coloured  and  softer  at  the  base  of  the  series,  are  rich  in 
organic  remains  {Calymene,  Ogygia,  Isotelus,  HUenus,  Chirurus, 
Beyrichioy  Orthts,  OrthoceraSy  Bellerophon,  Graptolithus,  and 
others),  possessing  a  character  ftom  which  Mr.  Sharpe  refers  these 
deposits  to  the  Lower  Siliurian  period. 

Beneath  these  strata,  in  descending  order,  the  carboniferous  accu- 
mulations of  San  Pedro  da  Cora  occur,  gradually  passine  into  the 
beds  above  them.  These  carboniferous  beds  consist  in  descendmg 
order  of  (a)  red  sandstone,  (b)  coarse  conglomerates  alternating  with 
black  carbonaceous  shales,  (c)  coal,  6  feet  thick,  (d)  coarse  micaceous 
conglomerate,  alternating  with  black  carbonaceous  shales,  (e)  coal, 
thin  bed,  (/)  coarse  carbonaceous  conglomerate,  (^)  coal,  four  beds, 
from  2  to  5  feet  thick,  variable  however  in  thickness  in  different 
places,  the  beds  separated  from  each  other  by  3  or  4  feet  of  black 
shale,  and  resting  on  black  shale,  and  (A)  slates  apparently  composed 
of  the  debris  of  the  chloritic  schists  on  which  they  rest.  The  carbo- 
naceous series  is  estimated  at  from  1000  to  1500  feet  thick,  and  is  seen 
on  the  north  bank  of  the  Douro,  at  Jeremunde,  twelve  miles  from 
Oporto.  North  of  San  Pedro  da  Cora  this  series  rapidly  thins  away, 
and  disappears  about  a  mile  and  a  half  from  that  place. 

Having  given  a  detailed  account  of  the  rocks  referable  to  the  Si- 
lurian series,  noticed  by  him  in  Portugal,  Mr.  Sharpe  refers  to  the 
beds  described  by  Dr.  Kebello  de  Carvalha  as  forming  the  chain  of 
the  Serra  de  Marao,  near  Amarante ;  those  mentioned  by  M.  Schulz 
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on  the  eastern  side  of  Gallicia,  by  Link  in  the  province  of  Tres  o« 
Montes,  and  by  Le  Play  in  Spanish  Estremadara,  and  infers  tliat 
these  also  may  belong  to  the  Silurian  series. 

The  lithological  characters  of  the  carboniferous  deposit  of  Val- 
longo,  thus  plunging  beneath  beds  containing  organic  remains  re- 
ferred to  the  date  of  the  Lower  Silurian  deposits,  are  important,  as 
showing  the  physical  conditions  under  which  the  accumulations  have 
been  effected,  and  their  general  agreement  with  many  other  deposits, 
in  which  sheets  of  vegetable  matter  have  been  so  formed,  as  eventually 
to  have  been  turned  into  coal  and  anthracite,  amid  mud  charged  witn 
carbonaceous  matter  and  beds  of  shingles.  Why  we  should  not  ex- 
pect accumulations  of  the  kind  at  this  period,  the  fitting  conditions 
for  the  gathering  together  of  plants  or  their  remains,  either  by  growth 
on  the  spot  or  drift  from  their  place  of  growth,  so  that  they  were 
mixed  with  little  or  no  common  mud  or  other  sedimentary  matter, 
does  not  appear.  We  find  old  mud  accumulations,  now  forming 
black  slates,  common  enough  in  some  parts  of  the  Silurian  series, 
and  there  is  no  want  of  carbonaceous  matter  in  the  black  slates  of 
North  Wales  and  Ireland  beneath  the  whole  mass  of  the  beds  com- 
monly referred  to  that  series. 

The  occurrence  of  the  anthracite  beds  in  the  position  and  under 
the  conditions  stated  by  Mr.  Sharpe,  would  be  highly  interesting  in 
itself,  as  showing  to  what  extent  clean  or  nearly  clean  accumulations 
of  vegetable  matter  may  have  been  effected  amid  deposits  in  which 
the  carbonaceous,  and,  we  may  fairly  conclude,  vegetable  matter  was 
generally  more  diffused  amid  mud  and  gravel ;  but  the  remains  of 
fossil  plants  detected  in  connection  with  this  carbonaceous  series  are 
still  more  interesting,  always  assuming  that  the  sections  seen  by  Mr. 
Sharpe  are  unequivocal,  as  his  certainly  would  appear  to  be,  unless 
we  suppose  a  most  enormous  reversal  oi  these  deposits. 

The  remains  of  the  plants  found  by  Mr.  Sharpe  were  submitted 
to  the  examination  of  our  Foreign  Secretary,  Mr.  Bunbury,  who, 
though  the  specimens  of  ferns  were  in  bad  preservation,  considered 
that  one  bore  a  strong  resemblance  to  Pecopteris  Cyathea,  of  the 
coal-measures ;  another  reminded  him  of  Pecopteris  muricata,  and 
a  third  of  Neuropteris  tenui folia.  Mr.  Sharpe  calls  attention  to  the 
evidence,  as  far  as  it  goes,  afforded  by  these  plants,  of  a  vegetation 
having  existed  similar  to  that  of  the  coal-measures  at  a  geological 
date  long  anterior  to  them.  It  would  indeed  be  of  the  greatest  geo- 
logical importance  to  arrive  at  an  insight  into  the  kind  of  vegetation 
that  clothed  the  land,  which  furnished  by  its  disintegration,  abrasion, 
and  removal  by  river  and  breaker  action  into  fitting  places  of  de* 
posit,  those  thick  accumulations  now  known  as  the  Silurian  series. 
We  appear  to  have  fair  reason  for  concludhig  that,  while  the  seas 
swarmed  with  trilobites  and  molluscs,  the  dry  land,  supplying  the 
detritus  amid  which  these  remains  were  entombed,  was  not  a  desert 
waste,  a  mere  mass  of  rocks  decomposing  under  the  action  of  the 
atmosphere,  and  worn  away  along  the  sea-level  by  the  breakers ;  in 
fact  nothing  but  a  storehouse  for  the  production  of  the  marine  sedi- 
ments of  the  time.     We  require  a  marine  vegetation  as  a  base  for 


Digitized  by  VjOOQIC 


ANNIVSRSART  ADDRESS  OF  THE  PRESIDENT.  lix 

the  existence  of  the  sea  animal  life  of  the  period^  and  we  may  fairly 
infer  no  lack  of  terrestrial  vegetation,  flourishing  heneath  the  atmo- 
sphere at  the  same  time.  What  that  vegetation  may  have  heen  we 
hitre  jet  to  learn ;  but  as  the  range  of  the  Silurian  deposits  becomes 
more  known  over  the  earth's  surface,  in  regions  where  they  have 
either  never  been  covered  by  more  modem  deposits,  or  having  been 
so  covered,  are  now  bared  by  denudation, — and  every  day  we  learn 
more  and  more  of  their  distribution, — we  may  expect  to  obtain  a 
better  insight  into  the  kind  of  plants  existing  at  tnat  remote  geo- 
logical period. 

During  his  late  absence  on  the  continent,  our  indefatigable  col- 
leagne.  Sir  Roderick  Murchison,  for  many  years  one  of  the  largest 
contributors  of  memoirs  to  our  Society  on  many  important  geological 
subjects  and  districts,  did  not  forget  us,  and  we  find  him  bringing 
before  as,  under  the  head  of  ''  Notes  on  the  Geolc^cal  Structure  (^ 
the  Alps,  Apennines,  and  Carpathians,  more  especially  to  indicate  a 
transition  from  Secondary  toTertiary  types,  and  the  existence  of  Eocene 
deposits  in  Southern  Europe,"  the  result  of  his  own  researches  and 
those  of  preceding  labourers  in  the  same  regions  ;  thus  endeavouring 
to  gather  up  the  whole  into  one  systematic  view.  This  is  a  labour 
whidi  cannot  fail  to  be  properly  appreciated  by  those  who  have 
themselTes  studied  the  geolo^cal  structure  of  the  Alps,  Apennines 
and  Carpathians,  and  are  acquainted  with  the  works  and  memoirs 
written  upon  these  mountains,  from  the  researches  of  the  justly  ce- 
lebrated De  Saussure  to  the  present  time,  and  among  which  are  in- 
cluded the  writings  of  Sir  Roderick  Murchison  and  Professor  Sedg- 
wick, published  in  our  Transactions,  and  an  account  by  Sir  Roderick, 
in  1829,  of  the  sections  observed  at  Asolo  and  Bassano. 

Amid  masses  contorted  and  broken  at  different  periods,  accumula- 
tions of  sedimentary  matter,  effected  under  various  conditions  during 
a  long  lapse  of  geolo^cal  time,  changes  in  the  character  of  many  de- 
posits after  they  were  formed,  and  huge  portions  of  dislocated  rocks 
thrust  up  into  the  atmosphere,,  so  high  in  some  situations  as  to  be 
covered  by  perpetual  snow  and  glaciers,  and  in  others  most  difficult 
of  access,  the  determination  of  the  state  of  the  general  area  as  re- 
nrds  land  and  water,  conditions  for  detrital  accumulations,  and  the 
distribution  of  animal  and  vegetable  life  at  given  and  successive  geo- 
logical times,  becomes  no  easy  task.  We  have  merely  to  crumple  up 
tm  present  geological  surface  of  Great  Britain  into  a  great  north  and 
soutn  range  of  mountains,  accompanied  by  huge  fractures,  parts  of 
the  general  mass,  sometimes  altered  in  mineral  characters,  and  here 
and  there  forced  up  so  high  above  the  level  of  the  sea  as  to  become 
covered  by  perpetual  snow  and  ice,  to  feel  how  much  the  difficulty 
would  be  increased  of  determining  the  varied  relation  of  its  parts 
from  that  which  we  now  experience.  When  we  compHcate  this  state 
of  things  still  more  by  previous  movements,  overlaps,  differences  in 
the  range  of  original  deposits,  alterations  subsecjuently  effected  in 
them,  and  by  modifications  in  the  physical  conditions  under  which 
animal  and  vegetable  life  has  been  placed,  we  can  the  better  under- 
stand many  of  those  difficulties  which  have  attended  the  examina- 
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tions  of  the  Alps  especially,  and  the  length  of  time  daring  which  sach 
examinations  have  been  continued  with  differences  of  opinion  and 
varied  results. 

After  a  notice  of  previous  writers  and  a  glance  at  the  first  removal 
of  masses  of  the  Alps,  by  M.  Brochant,  from  the  so-called  primaiy 
to  the  transition  series,  and  the  still  further  removal  of  supp<Med  very 
ancient  accumulations  to  the  secondary  series,  including  the  creta- 
ceous group,  by  Buckland,  Brongniart,  Von  Buch,  Elie  de  Beaumont 
and  others,  and  adverting  to  his  labours  with  Professor  Sedgwick  on 
the  Gosau  deposits.  Sir  Roderick  Murchison  notices  the  occurrence 
of  portions  of  Upper  Silurian,  Devonian  and  carboniferous  rocks  in 
the  eastern  Alps,  as  determined  by  oreanic  remains,  giving  an  ac- 
count of  those  seen  by  M.  de  Vemeuil  and  himself,  and  of  the  re- 
searches of  others  respecting  the  same  rocks.     Proceeding  to  the 
westward,  evidence  of  these  rocks  ceases,  and  it  is  inferred  that  this 
may  have  arisen  from  the  greater  metamorphic  action  to  which  thej 
may  have  been  exposed  in  that  direction.     While  no  traces  of  the 
Permian  series  have  been  detected  in  the  area  treated  of,  the  trias, 
including  the  muschelkalk,  noticed  by  Von  Buch,  Emmerich,  Yon 
Hauer  and  other  geologists,  reposes  on  the  palaeozoic  accumulations 
above  mentioned  in  the  South  Tyrol  and  Sakburg  Alps.     These  de- 
posits are  not  traceable  in  the  Western  Alps,  it  being  inferred  that 
they  are  not  recognizable  there  from  metamorphic  action,  extended 
through  the  palaeozoic  deposits  to  them  in  that  direction.     Special 
mention  is  made  of  the  tnas  of  the  South  Tyrol,  and  of  Recoaro  and 
adjacent  tracts. 

The  Lower  and  Upper  Alpins  limestones  are  described  under  the 
names  of  Liasso-Jurassic  and  Oxfordian  Jurassic.  The  lower  divi- 
sion contains  characteristic  fossils.  In  the  Venetian,  Tyrolese  and 
Milanese  Alps,  there  are  tracts  in  which  the  GryphtBa  incurva,  liassic 
ammonites  and  small  saurians  have  been  found,  and  the  same  zone 
has  been  traced  by  Studer,  Elie  de  Beaumont,  Sismonda  and  other 
geologists  in  Switzerland  and  the  eastern  Alps.  In  following  this 
band  of  limestones,  the  light-coloured  beds  of  the  eastern  Alps,  often 
dolomitic,  become,  for  the  most  part,  dark  and  even  black  on  the 
westward.  From  the  mode  of  occurrence  of  the  dolomite  amid  the 
limestones  of  the  eastern  Alps,  Sir  Roderick  agrees  with  Yon  Buch 
in  considering  it  a  modification  or  metamorphism  of  the  original  de- 
posit ;  and  he  also  refers  the  great  masses  of  gypsum  to  the  same 
action,  carbonate  of  Ume  having  been  converted  mto  the  sulphate. 
In  illustration  of  this  view  he  points  to  the  effects  now  produced  by 
the  thermal  waters  of  Aix,  in  Savoy,  the  sulphuric  add  contained  in 
the  vapours  from  which  converts  the  limestone  of  the  fissure  through 
which  they  rise  into  sulphate  of  lime,  and  supposes  that  when  the 
Alps  were  uplifted,  the  more  copious  discharge  of  such  waters  and 
gases  would  produce  the  changes  required. 

The  beds  containing  belemnites  alternating  with  coal-measure 
plants,  of  which  mention  has  been  above  made,  were  examined  by 
Sir  Roderick,  and  are  noticed  in  connection  with  the  Lower  Alpine 
or  Liasso-Jurassic  limestones,  the  blackness  of  which  in  their  course 
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to  the  soath-west  is  a  point  of  some  interest.  He  agrees  so  far  with 
M.  Elie  de  Beaumont  and  M.  Sismonda,  respecting  the  section  at  Petit 
Cqsut,  as  to  admit  that  the  coal-measure  plants  and  the  helemnites 
do  really  appear  to  lie  in  the  same  formation. 

Proceeding  in  the  ascending  order,  our  colleague  then  notices  the 
Upper  Alpine  or  Oxfordian  Jurassic  limestones,  reminding  us  of  the 
labours  of  M.  Merian  and  other  Swiss  geologists  in  the  Jura,  of  M. 
Studer  in  the  Swiss  Alps,  and  of  M.  Sismonda  in  the  French  and 
Savoy  Alps,  adding  a  notice  of  those  of  M.  de  Zigno,  of  Padua,  in 
the  Venetian  Alps,  and^giving  an  account  of  a  section  firom  Pedescola, 
in  the  Talley  of  Attico,  to  the  plateau  of  Setti  Ck)mmuni.  This  sec- 
tion, examined  during  the  Scientific  Meeting  at  Venice,  extends  from 
dolomite,  of  great  thickness,  and  inferred  to  be  of  the  liassic  age, 
upwards  to  the  nummuhtic  limestone  and  grits  of  GalUo. 

The  cretaceous  series  is  treated  of  under  the  head  of  lower  and 
upper  Neocomian  limestones,  gault,  upper  greensand,  and  chalk, 
and  represented  as  reposing  conformably  upon  the  Jurassic  or  oolitic 
series  oeneath.  And  here  Sir  Roderick  remarks  that,  with  a  few 
local  exceptions,  there  appears  to  have  been  a  continuous  series  of 
marine  deposits  in  the  Alps,  as  in  the  Jura,  with  no  great  dissever- 
ments  to  the  completion  of  the  cretaceous  series,  and,  in  most  in- 
stanceS)  not  until  after  the  deposit  of  the  still  higher  nummuhtic 
group.  Looking  at  the  Alpine  cretaceous  series  generally,  our  col« 
league  points  out,  that  its  lowest  member,  named  the  Neocomian 
limestone,  is  the  thickest  and  most  important  of  its  formations. 
Above  this  comes  a  deposit  referred  to  the  greensand  or  gault,  in 
which  the  well-known  summit  of  the  Montague  des  Fis,  with  its  fos- 
sils, is  included.  This  in  its  turn  is  surmounted  by  the  equivalent 
of  the  white  chalk  of  Northern  Europe,  which  Sir  Roderick  considers 
he  has  discovered  with  certainty  in  a  clear  natural  section  exposed  at 
'Diones  in  Savoy. 

After  numerous  details  and  sections  connected  with  the  accumula- 
tions ahove  noticed.  Sir  Roderick  Murchison  proceeds  to  the  chief 
object  of  his  commimication,  viz.  that  the  flanks  of  the  Alps  exhibit 
a  true  transition  from  the  younger  secondary  into  the  older  tertiary 
strata,  and  that  the  older  supracretaceous  rocks  occur  abundantly, 
and  well-characterized,  in  the  south  of  Europe,  extending  thence 
eastward  into  Asia.  To  prove  this  view,  numerous  sections  are  de- 
scribed in  Savoy,  Switzerland  and  Bavaria,  through  beds  considered 
equivalent  to  the  lower  greensand,  the  gault,  and  upper  greensand  of 
the  British  series,  to  a  limestone  contaming  Inocerami  and  Anan- 
ehytes  avata,  and  referred  to  the  white  chalk.  CJonformable  trans- 
itions from  this  Inoceramus  Umestone  into  the  nummuhtic  and  shelly 
rocks  above  are  adduced,  particularly  near  the  Hohersentis  in 
Appenzell  and  near  Sonthofen  in  Bavaria,  where  the  beds,  having 
all  the  characters  of  the  great  supracretaceous  groups,  or  fly schy 
still  contain  a  Grvphsea,  not  to  be  distinguished  from  the  G.  ren- 
eularis.  Above  this  zone,  fossils  known  to  be  contained  in  the  true 
cretaceous  series  are  not  found.  The  overlying  nummuhtic  and 
shelly  deposits  are  linked  together  by  position  and  fossib,  and  on  the 
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north  flank  of  the  Alps,  especially  at  Sonthofen  and  Kressenber^  as 
well  as  on  the  high  summit  of  the  Diablerets  and  Dent  dn  Midi^  re- 
present the  lower  tertiary  of  the  Vicentine.     The  upper  portion  of 
this  group  is  t\it  fly sch  of  the  Swiss,  the  Wiener  Sandstein,  and  to  a 
great  extent  the  Macigno  of  the  Italians ;  and  Sir  Roderick  remarks, 
that  the  whole  group  of  the  nummuUtic  rocks  and  ''  flysch"  is  not, 
as  many  geologists  suppose,  an  upper  portion  of  the  cretaceous  series, 
but  really  represents  the  true  eocene  tertiary  accumulations.     Seeing 
the  conformable  state  of  the  various  deposits  noticed,  and  the  appa- 
rent continuation  of  physical  causes  which  has  permitted  a  kind  of 
passage,  Uthologically,  of  the  one  deposit  into  the  other  in  succession, 
our  colleague  maintains  that  under  such  conditions  the  limits  of  for- 
mations can  be  alone  defined  by  their  imbedded  organic  remains.    Id 
concluding  this  part  of  his  communication,  he  refers  to  the  aid  he 
has  received  durmg  his  Alpine  researches  from  Prof.  Studer,   M. 
Escher  of  Zurich,  Prof.  Brunner  of  Berne,  and  M.  Zigno.     Having 
thus  referred  the  nummuhtic  group  to  the  lowest  supracretaeeous  ac- 
cumulations, Sir  Roderick  adverts  to  the  marked  interval  in  nearly 
all  parts  of  the  Alps  between  the  last-formed  strata  of  this  group  and 
the  next  overlying  deposits,  so  generally  admitted  to  be  tertiary.  He 
then  passes  to  the  M olasse  and  Nagelflue  of  the  northern  Alps,  citing 
the  labours  of  Prof.  Studer,  M.  Escher  and  other  geologists,  and  di- 
vides the  mass  into  lower  deposits  considered  to  have  been  formed  in 
fresh  water,  central  accumulations  of  marine  origin  and  of  Sub-ap«oi- 
nine  or  Pliocene  age,  and  an  upper  group,  the  great  overljdng  portion 
of  Molasse  and  Nagelflue,  of  terrestrial  and  freshwater  origin.     Still 
following  up  an  ascending  series  of  accumulations,  we  attain  the  well- 
known  lacustrine  deposit  of  (Eningen,  remarkable  for  having  en- 
tombed in  it  only  lost  species  of  animals  and  plants,  though  formed 
after  marine  phocene  beds,  containing  shells  not  distinguishable  from 
those  of  molluscs  now  living.     And  here  Sir  Roderick  remarks  that 
the  terms  Miocene  and  Phocene  cannot  be  correlatively  deduced  from 
submarine  and  freshwater  accumulations,  for  if  this  be  done  in  Swit- 
zerland, miocene  types  of  lost  species  overhe  marine  phocene  forms. 

Our  colleague  then  considers  the  cretaceous  and  nummuUtic  rocks 
of  the  Carpathians,  with  reference  to  the  different  ages  of  the  so- 
called  Carpathian  sandstones,  giving  an  account  of  an  examination 
of  them  by  him,  in  1843,  in  company  with  Professor  Zeuchner,  a 
sketch  of  which  only  had  previously  appeared  in  his  work  on  Russia 
and  the  Ural  Mountains.  In  the  genenu  succession  of  rocks  between 
the  Tatra  chain  and  the  low  country  of  the  Vistula  near  Cracow,  a 
mass  of  nummuhtic  hmestone  reposing  upon  secondary  rocks  (among 
which  some,  from  their  fossils,  are  referred  to  the  Liasso-Jurassic 
beds  of  the  Alpine  hmestone,  and  others  above  them  may  represent 
the  upper  Jurassic  beds  and  even  part  of  the  cretaceous  deposits,) 
dips  beneath  shale  and  sandstone  resembling  the  flysch  of  the  Alps. 
The  fossils  are  noticed  as  such  that  no  doubt  can  be  entertained  of 
these  beds  being  of  the  same  age  with  the  nummuhtic  rocks  of  the 
Alps.  Mention  is  made  of  sandstones  with  green  grains  and  Neocomian 
fossils  having  a  wide  range,  a  large  portion  of  wMch  have  been  termed 
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Caqwthian  sandstones.   It  is  remarked  that,  in  such  districts,  where 
the  cretaceous  series  presents  an  arenaceous  and  earthy  character, 
and  the  nununiditic  rocks  are  ahsent,  it  is  extremely  difficult  to  draw 
lines  of  separation  between  sandstones  of  secondary  and  tertiary  age. 
Sir  Bodenck  considers  that  hence,  under  the  term  Carpathian  saud- 
■tooes,  cretaceous  and  eocene  deposits  have  been  confounded,  the 
confosion  not  a  Uttle  aided  by  the  dislocated  condition  of  the  district. 
"We  were  next  presented  with  a  general  view  of  the  chief  forma- 
tions of  the  Apennines  and  Italy.     In  this  Sir  Roderick  Miurchison, 
referring  to  the  labours  of  General  della  Marmora  in  Sardinia  as 
showing  the  existence  of  Silurian  rocks  in  that  island,  considers  that 
there  is  at  present  no  evidence  of  older  accumulations  in  Italy  than 
those  found  at  La  Spezia  and  in  the  adjoining  district  of  the  Massa 
Carrara  Mountains,  or  Apuan  Alps  as  they  have  been  termed.  These 
are  referred  to  the  age  of  the  lower  or  Liasso- Jurassic  division  of  the 
Alpine  limestones,  and  are  noticed  as  covered  by  a  limestone,  which 
from  its  fossils  and  frequent  red  colour  is  called  ammonitico-rosso,  and 
considered  to  be  equivalent  to  the  Upper  Alpine  Umestone  or  Ox- 
fordian  Jurassic  series.     Surmounting  these  deposits  come  the  equi- 
Taloits  of  the  cretaceous  series  of  our  country,  well-exhibited  on 
the  flanks  of  the  Venetian  Alps  in  one  direction  and  in  the  Nice  di- 
strict in  another,  and  in  their  turn  covered  by  the  nummuUtic  accu- 
mulations, observed  by  Sir  Roderick  twenty  years  since,  to  graduate 
into  the  deposits  beneath  them  in  the  sections  presented  near  Asolo 
and  Bassano.     He  adverts  to  a  recent  description  by  M.  Zigno  of  a 
series  of  accumulations  in  the  Euganeans  from  the  Upper  or  Ox- 
fordian  Alpine  Hmestone,  through  the  cretaceous  group,  including 
the  equivalent  of  the  white  chalk,  to  the  nummiditic  series,  and  re- 
marks that  in  Liguria,  Modena,  Lucca  and  Tuscany,  such  evidence 
of  dear  succession  is  absent,  the  rocks  above  the  Oxfordian  group  in 
those  districts  being  singularly  devoid  of  fossils,  and  the  beds  inter- 
mediate between  it  and  those  of  the  miocene  age  assuming  an  arena- 
ceous character,  with  the  exception  of  certain  flaggy  limestones. 
The  nummulitic  deposits  are  found  at  rare  intervals,  and  chiefly 
sou^ward  of  Florence.     Where  they  occur.  Sir  Roderick  refers  the 
Madgno  associated  with  or  overlying  them  to  eocene  deposits,  and 
such  rocks  are  stated  to  be  undistinguishable  from  the  Alpine  flysch 
and  madgno.  The  thick  Alberese  limestones  on  which  these  deposits 
rest,  so  well  displayed  in  the  Apennines  between  Bologna  ana  Flo- 
rence and  in  the  northern  part  of  the  Tuscan  Maremma,  it  is  thought 
may  in  part  represent  the  chalk,  the  fucoids  in  these  rocks,  though 
of  the  same  spedes  as  those  which  overlie  the  nummulitic  rocks  of 
the  Alps,  ran&;iug  from  the  lower  chalk  high  up  into  the  eocene  de- 
posits, and  a  hamite  and  one  or  two  ammonites  having  been  disco- 
vered in  these  beds  in  Tuscany.  Passing  southwards  into  the  Roman 
States  and  Naples,  the  superposition  of  the  nummulitic  limestones, 
with  their  associated  fossils,  to  the  hippuritic  limestones,  is  seen  in 
the  same  succession  as  in  the  Alps  and  Carpathians. 

The  Superga  section,  near  Turin,  is  noticed  as  highly  instructive, 
s  ooralUne  concretionary  limestone  forming  its  base,  and  being  either 
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at  the  upper  limits  of  the  eocene  or  at  the  bottom  of  the  miooene 
deposits.  This  is  covered  by  a  succession  of  conglomerates,  marls 
and  sandstones,  full  of  the  miocene  types  of  the  Snpei^a,  passing 
upwards  into  the  blue  Sub-apennine  marls  and  yellow  sands. 
Throughout  these  deposits  the  per-centage  of  fossil  species  is  of  so 
mixed  a  character,  that  MM.  E.  Sismonda  and  Bellarai,  after  careful 
examination,  are  unable  to  draw  a  line  between  those  termed  miocene 
and  pHocene.  The  tertiary  deposits  near  Bologna  and  the  Tuscan 
Maremma  are  noticed,  the  coal  beds  of  the  latter  being  referred  to 
an  old  miocene  date,  and  the  relations  of  these  marine  tertiary  deposits 
to  the  more  modem  terrestrial  and  freshwater  travertines  are  traced. 

The  chief  object  of  this  memoir,  as  previously  observed,  is  to 
establish  a  true  eauivalent  of  the  eocene  deposits  in  Southern  Eu- 
rope, and  to  show  that  the  rocks  so  termed  do  not  merely  represent,  as 
suggested  by  M.  Elie  de  Beaumont,  the  interval  which  has  occurred  in 
Northern  Europe  between  the  upper  part  of  the  chalk,  as  there  ex- 
posed, and  the  commencement  of  the  plastic  clay  series,  but  actually 
constitute  deposits  effected  at  the  same  time  with  the  eocene  beds  of 
the  Paris  and  London  supracretaceous  accumulations.  Sir  Roderick 
Murchison  particularly  observes  on  the  presence  of  species  identical 
with  those  of  the  Paris  and  London  tertia.ies  in  the  nummuhtic 
rocks,  and  remarks  that  no  characteristic  fossil  of  the  cretaceous 
series  has  been  continued  into  the  nummuhtic  group,  two  or  three 
species  of  Gryphsea  being  alone  common  to  the  upper  beds  of  the  one 
and  lower  deposits  of  the  other.  He  examines  the  writings  of  the 
geologists  who  have  described  the  nummuhtic  accumulations  of  South- 
em  Europe,  and  infers  that  the  facts  noticed  by  him  and  them  are 
in  harmony. 

It  would  be  impossible,  in  the  necessary  limits  of  an  address  of  this 
kind,  to  attempt  any  detailed  observations  upon  the  mass  of  infor- 
mation brought  forward  by  our  colleague  in  tnis  communication.  In 
all  such  investigations,  tracing  great  deposits  of  mineral  matter  over 
large  areas,  it  becomes  of  importance  duly  to  consider  the  physical 
conditions  which  may  have  obtained  at  different  times  over  the  whole 
or  parts  of  it.  This  we  obtain  by  careful  study  of  the  lithological 
character  of  the  deposits  themselves.  Among  the  most  striking  geo- 
logical features  of  the  wide  area  noticed,  is  the  mass  of  calcareous  ac- 
ciunulations,  which  have  been  effected  from  the  date  of  the  great 
Alpine  hmestone  to  the  modem  terrestrial  travertines  of  Italy  inclu- 
sive. No  doubt  much  of  this  calcareous  matter  may  have  been  in 
parts  used  over  and  over  again,  portions  only  of  different  dates  re- 
maining to  show  us  what  we  seek,  both  as  to  the  physical  conditions 
imder  which  the  deposits  of  different  geological  times  in  certain  areas 
were  effected,  and  the  Ufe  of  the  time,  so  far  as  can  be  inferred  from 
the  remains  of  it  entombed  in  such  deposits.  Nevertheless,  regard- 
ing it  as  a  mass,  the  amount  of  calcareous  matter  in  the  region  noticed, 
and  in  the  extension  of  the  same  deposits  in  Northern  Africa  and 
away  into  Asia,  shows  a  certain  continuance  of  physical  conditions 
fitted  for  its  production,  which  requires  to  be  taken  into  account 
when  we  regard  the  subject  as  a  whole.     The  variations  of  these 
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conditions  in  certain  minor  areas,  while  they  remain  more  constant 
in  others,  will,  doubtless  also,  eventually  gire  great  insight  into  the 
distribution  of  land  and  water  at  equal  geologiod  epochs,  and  all  the 
intermingling  of  ordinary  detritus,  gravels,  sands  and  mud  will  have 
to  be  well  studied  for  their  extent,  and  modification  both  as  r^ards 
sur&ces  orerspread  and  differences  in  the  kind  and  direction  of 


iTaituig  these  more  detailed  investigations,  and  the  modification 
of  views  which  may  result  from  them.  Sir  Roderick  Murchison  has 
Uken  marine  life  as  his  guide,  and  more  particularly  points  to  a  vast 
sheet  of  matter,  includmg  certain  animal  remains,  as,  to  use  the 
happy  term  of  Alexander  von  Humboldt,  a  geological  horizon ;  as- 
suming that  the  animals,  of  which  these  are  the  remains,  lived  at  the 
same  geological  time,  and  therefore  that  the  mineral  masses  in  which 
they  have  been  entombed  will  bear  classification  in  one  group.  We 
have  seen  that  in  the  case  of  the  nummulitic  rocks,  he  refers  the  de- 
posits including  these  shells  to  the  age  of  the  lowest  tertiary  accumu- 
lations, or  the  eocene  rocks. 

Whatever  views  may  be  entertained  of  the  existence  of  centres 
whence  species  have  to  be  distributed  during  the  lapse  of  time,  and 
the  consequent  changes  that  all  our  classifications  of  the  deposits 
upon  one  portion  of  the  earth,  such  as  Europe,  may  eventually 
have  to  undergo,  as  r^ards  fine  divisions  made  in  accumulations 
from  the  absence  or  presence  of  certain  species  or  their  representa- 
tives of  the  same  time,  when  other  regions  of  equal  area  have  been 
carefully  examined,  the  gathering  up  of  evidence  in  favour  of  the 
distribution  of  similar  life  in  the  seas  of  equal  geological  time, 
as  has  now  been  done  with  respect  to  the  nummulitic  rocks  of 
Southern  Europe  by  Sir  BodericK  Murchison,  is  very  important. 
Under  our  present  amount  of  information  respeetm^  the  wide  area 
noticed,  extending  even  to  India,  it  gives  a  leacung  object  for  a  guide ; 
and  whether  some  of  the  myriads  of  nummulites  found  in  these  beds 
first  existed  or  not  at  the  time  of  the  chalk  in  particular  districts,  is 
unimportant  as  regards  the  progress  of  the  mquiry.  If  they  be 
shovrn  in  given  areas  to  be  limited  to  certain  periods,  the  facts  are  at 
least  good  as  respects  the  reasoning  for  those  areas. 

From  the  accidental  circumstance  of  the  tertiary  rocks  having  been 
made  known  to  us  by  the  labours  of  such  men  as  Cuvier  and  Bron- 
gniart,  working  around  such  a  seat  of  science  as  Paris,  a  desire  to 
perpetuate  very  marked  distinctions  between  the  cretaceous  and  su- 
pracretaceous  accumulations  has  not  unnaturally  been  experienced. 
Those  among  us  who  are  old  enough,  either  to  remember  the  actual 
announcement  of  the  labours  of  these  distinguished  men,  or  who  en- 
tered upon  geolo^cal  life  sufficiently  near  that  time  to  recollect  the 
feeling  then  existmg  among  those  who  cultivated  our  science,  will  not 
be  surprised  at  the  reluctance  which  has  been  so  long  experienced  at 
considering  the  accumulations  of  mud,  sand,  gravd,  calcareous  or 
other  matter  of  the  one  time  as  a  mere  sequence  of  those  of  the  other, 
and  the  breaks  in  this  seouence  in  particular  areas  as  no  more  than 
other  breaks  in  the  genenu  deposits  of  other  geological  times,  even  in 
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tHe  same  areas.  We  are  not  to  suppose  that  all  the  rivers  of  the  world 
suddenly  ceased  to  transport  detritus  into  lakes  and  seas ;  that  the 
breakers  no  longer  wore  away  the  coasts,  or  that  animal  and  vegetable 
life  was  entirely  destroyed,  because  we  find  a  break  in  the  sequence 
of  accumulations  in  a  particular  portion  of  the  earth's  surface.  We 
have  now  learned,  by  the  progress  of  our  science,  to  account  for  such 
local  breaks,  and  among  other  things,  that  dry  land  cannot  fail  to 
show  them,  when  such  dry  land,  aner  submergence,  is  covered  by 
marine  deposits,  and  is  again  upraised  above  the  water.  Hence  all 
evidence  as  to  the  passage  of  supracretaceous  into  cretaceous  deposits, 
such  as  that  noticed  by  Sir  Roderick  Murchison  in  this  paper,  is  im- 
portant ;  and  the  Society  has  reason  to  be  satisfied  that  our  oolleaffue 
nas  selected  it  as  the  channel  through  which  to  convey  his  extended 
researches  on  the  region  noticed  to  the  pubUc. 

Movements  which  Mineral  Masses  may  have  sustained  subsequently 
to  their  Accumulation, 

Mr.  Weston,  availing  himself  of  the  means  afforded  by  a  railway 
cutting  (upon  the  Wilts,  Somerset  and  Weymouth  line),  points  out 
the  facts  he  considers  to  be  shown  where  the  railway  crosses  the  great 
Ridgway  fault,  one  formerly  described  in  your  Transactions  by  Dr. 
Buckland  and  myself  from  appearances  exhibited  on  the  ground  by 
ordinary  sections.  It  will  be  in  your  recollection  that  the  great 
movement  which  throws  off  the  rocks  on  the  north  and  south,  thus 
thrusting  up  the  Wealden  coimtry  of  Kent  and  Sussex,  and  which 
extends  westward  so  as  to  form  a  marked  antichnal  line  to  the 
frontier  of  the  greensand  and  chalk  escarpments  on  the  south  of 
Frome  in  Somersetshire,  is  accompanied  by  a  more  southern  and  par- 
allel line  of  movement,  crossing  the  Isle  of  Wight  and  extending  mto 
Dorsetshire.  It  seems  clear  from  the  rocks  disturbed,  that  this  move- 
ment took  place  after  the  Headon  Hill  tertiary  deposits  of  the  Isle  of 
Wight,  since  they  have  been  included  in  it.  Faults  having  a  general 
east  and  west  character  are  seen  on  this  line  of  movement,  but  as 
faults  having  the  same  general  direction  are  sufficiently  common  in 
districts  merging  into  this,  and  where  flexures  of  the  kind  previ- 
ously noticed  are  not  to  be  found,  it  is  not  so  clear  that  faults  such 
as  those  of  the  Ridgway  are  reallpr  contemporaneous  with  the  arching 
and  bending  of  the  beds  by  the  side  of,  and  through  which  they  run. 

It  will  also  be  in  your  recollection,  that  after  the  dry  land  of  the 
Wealden  time  became  depressed  beneath  the  level  of  the  sea,  the 
marine  deposits  of  the  cretaceous  series  covered  them  over,  and  in 
such  a  manner  that  the  chalk  and  upper  greensand  extended  over  the 
first-formed  and  lower  part  of  the  series,  overlapping  various  older 
beds  in  succession,  even  reaching  as  far  as  the  coal-measures  of  Devon- 
shire on  the  westward,  and  over  the  oohtic  districts  of  Yorkshire  ca 
the  north.  Probably  abo  this  overlap  was  far  more  extensive,  though 
denuding  influences  have  so  acted  during  the  lapse  of  geological  time, 
that  no  certain  marks  remain  to  prove  the  amount  of  area  covered  by 
the  cretaceous  series  in  Great  Britain,    We  are  certain  at  all  events 


Digitized  by  VjOOQIC 


ANNITBRSART  AODRBS8  OF  THE  PRESTDBNT.  IxTli 

that  in  Irdand  conditioiiB  permitted  the  deposit  of  tlie  cretaceous 
T0€k8  in  that  portion  of  the  British  area. 

Ranging  down  from  Somerset  and  Wilts  into  Dorsetshire,  the 
cretaceoos  rocks  are  seen  overlapping  various  members  of  the  ooUtic 
aeriesy  so  that  in  the  vicinity  of  the  countnr  noticed  by  Mr.  Weston^ 
the  ^reat  clay  deposit  known  as  the  Oxford  clay  supports  cretaceous 
rodu.  In  a  section  given  by  Mr.  Weston  he  shows  a  continuation  of 
the  Hastings  sands  as  reposing  on  the  Purbeck  beds,  founding  this 
view  on  the  organic  remains  discovered  in  the  beds,  and  on  their 
general  character ;  and  he  also  shows  some  tertiary  accumulations 
where  they  had  not  been  previously  noticed.  The  line  of  section 
whoe  the  Bidgway  fault  traverses  it  exposes  a  clay,  which  from  its 
appearance  and  fossils  Mr.  Weston  regaras  as  a  portion  of  the  Oxford 
aay  beneath,  forced  up  through  the  Inie  of  fracture,  so  as  to  occupy 
a  position  between  the  greensand  beneath  the  chalk  and  the  beos, 
supposed  to  be  Hastings  sands.  In  a  district  of  this  kind,  where 
one  aeries  is  overlapping  another,  where  there  has  been  much  move- 
ment producing  bending  of  the  beds,  and  where  denudation  acting 
nncqnally  exposes  the  beds  cut  into  under  various  aspects,  much 
care  and  circimispection  are  necessary ;  and  Mr.  Weston,  while  he 
givea  his  own  views  on  the  subject,  wishes  them  to  be  recorded  merely 
as  appearing  to  reconcile  apparent  difficulties. 

In  his  paper  on  the  salt-field  of  Cheshire  and  the  adjoining  di- 
itricts  Mr.  Ormerod  notices  numerous  movements  of  the  beds  and 
fiuilts.  He  infers  that  "  dislocations  affecting  the  North  Stafford- 
shire coal-field,  the  chief  Cheshire  coal-field,  and  a  considerable  part 
of  Cheshire,  centre  in  or  near  Shutlingstow." 

With  regard  to  the  movements  to  wLach  the  coal  district  in  question 
has  been  subjected,  we  must  take  them  in  connection  with  the  irreffular 
protrusion  of  the  mountain  or  carboniferous  limestone  of  Derbyshire, 
the  coal  district  of  the  same  county,  and  the  continuation  of  the 
whole  northerly  into  Yorkshire  ;  ana  by  so  doing  we  find, — though 
minor  squeezes  have  depressed  or  elevated  areas  of  greater  or  less 
dimensions,  these  minor  portions  taking  a  variety  of  forms, — that  a 
great  uprise -has  taken  place  in  a  north  and  south  direction  for  a  con- 
siderable distance,  throwing  off  coal-fields  to  the  rieht  and  left.  As 
we  find  dislocations  in  other  parts  of  England,  breaking  through  the 
mountain  limestone  and  coal-measures,  some  evidently  after  their 
beds  had  been  contorted  and  bent,  anterior  to  the  deposit  of  the  new 
red  sandstone  series,  since  the  latter  repose  quietly  without  break 
upon  faults,  sometimes  great,  denudation  having  planed  away  the 
broken  surface,  so  that  horizontal  beds  could  be  continuously  de- 
posited, while  other  dislocations  have  affected  all  the  rocks,  it  be- 
comes interesting  to  learn  how  far  the  Cheshire  and  Staffordshire 
£uilts  may  be  separated  as  regards  geological  time. 

It  will  have  been  seen  from  the  communication  of  Professor 
Ramsay  and  Mr.  Aveline,  taken  in  connection  with  the  memorandum 
of  Professor  £.  Forbes  on  the  organic  remains  in  part  of  the  district 
noticed  by  them,  that  there  would  appear  to  be  evidence  of  coast 
deposits  on  the  previously  disturbed  bed  of  the  Llandeilo  flag  and 
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more  aficient  rocks.  From  the  mention  made  of  the  aceomoladons 
emerging  on  the  north-west,  from  heneath  the  trappeui  groups  of 
Snowdon  and  the  more  ancient  heds  of  Anglesea,  it  will  also  hare 
been  seen  that  there  had  not  improbably  been  a  still  more  ancient 
movement  of  rocks  in  the  North  Welsh  area.  Taking  that  area,  we 
would  appear  to  have  had  many  important  movements  of  rocks  in  it. 
First  the  old  micaceous  and  chloritic  slates  of  Anglesea,  apparently 
moved,  (the  evidence  is  not  yet  complete,  though  the  probabilities 
are  considerable,)  prior  to  the  Bangor  conglomerates  and  sandstones. 
After  which,  whatever  minor  disturbances  there  may  have  been 
during  the  period  when  igneous  agency  was  so  common,  and  the 
trappean  group  was  accumulated,  no  marked  and  great  movemmt  is 
apparent  imtil  the  date  of  the  Bala  beds.  We  then  find  the  Caradoc 
sandstone  series  reposing  upon  the  disturbed  and  older  beds.  All 
the  deposits  of  the  Wenlock  and  Ludlow  accumulations  continued 
tranquilly,  making  all  allowance  for  minor  movements. 

The  Wenlock  and  Ludlow  series  then  became  induded  in  the  great 
movement  which  took  place  anterior  to  the  deposit  of  the  old  red 
sandstone  and  mountain  limestone.  In  Flintshire,  Denbighshire  and 
Caernarvonshire,  we  see  these  rocks  overlapping  disturbed  beds  from 
the  Ludlow  rocks  to  the  Anglesea  micaceous  and  chloritic  slates  in- 
clusive. The  renon  was  again  disturbed  after  the  deposit  of  the  coal- 
measures,  and  the  new  red  sandstone  series  was  deposited  upon  the 
uplifted,  bent,  or  contorted  beds,  as  the  case  might  happen  to  be,  of 
all  the  first-formed  rocks.  The  new  red  sandstone  itself  was  not 
destined  to  remain  quiet,  and  taking  in  the  adjoining  district  of 
Cheshire,  we  find  it  also  bent  and  broken,  anterior  to  the  drift,  in- 
cluding large  boulders,  too  often  spread  over  the  rocks  beneath  to  be 
pleasing  to  the  geologist. 

When  we  oontemputte  the  many  strange  twists  and  complication  of 
fractures  which  must  exist  in  the  rocks  of  such  an  area,  particularly 
among  the  older  accumulations,  those  consequently  the  longest  ex- 
posed to  these  various  movements  and  breaks,  there  is  enough  to 
point  out  how  much  caution  is  needed  in  our  explanations  of  minor 
portions  of  such  an  area,  particularly  when  we  reflect  upon  the  com- 
phcated  arrangements  produced  by  denudations  at  different  times  in 
parts  of  the  general  mass,  as  at  various  periods  it  became  elevated,  so 
that  breaker  action  and  atmospheric  influence  wrought  out  coasts 
and  all  the  modifications  of  dry  land — mountains,  biSs,  valleys  and 
plains ;  or  depressed  in  various  ways  beneath  the  sea,  it  became  coated 
with  the  detntus  derived  from  portions  of  the  still  diy  land. 

While  lately  in  this  country.  Professor  Henry  Rogers  brought 
before  the  Society  a  comparison  of  the  structural  ^tures  of  the  Ap- 
palachians of  the  United  States  with  those  of  the  Alps  and  other 
disturbed  districts  of  Europe.  He  divided  his  communication  into  facts 
in  connexion  with  flexures  and  fractures  of  the  rocks  composing  the 
Appalachians,  the  Alps,  the  Jura,  and  the  palaeozoic  districts  border- 
ing the  Rhine,  and  the  manner  in  which  he  and  his  brother.  Pro- 
fessor W.  B.  Roffers,  of  Virginia,  proposed  to  account  for  the  pro- 
duction of  such  flexures  and  fractures. 
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Upm  carefiil  stndj  of  the  Appalachian  zone,  as  the  Professor  terms 
that  region,  one  having  a  length  of  about  1300  miles  and  a  mean 
hfeadth  of  1 50  miles  (an  area  therefore  of  about  1 95,000  square  miles), 
he  and  Prof.  W.  B.  Rogers  found  that  it  was  marked  by  five  great 
belts.  These,  when  crcwsed  from  S.E.  to  N.W.,  exhibited  the  greater 
flexures  in  the  first  belt,  or  that  on  the  S.E.  of  the  Blue  Bldge  or 
Green  Moantain  Chain  and  within  this  chain,  old  semi-crystSline 
sdiists  and  the  oldest  palaeozoic  rocks  were  doubled  into  enormous, 
dosefy-compressed,  alternate  folds,  dipping  almost  exclusiyelj  to  the 
S.E.  at  angles  varying  from  45®  to  70°.  In  the  third  belt,  the  obUque 
flexures  of  the  older  palaeozoic  rocks  are  less  compressed,  the  north- 
western side  of  each  anticlinal  curve  approaching  near  to  verticality. 
In  the  fourth  belt,  that  of  the  central  Appalachians  of  Pennsylvania, 
Virginia  and  Tennessee,  the  convex  and  concave  flexures  progressively 
expand,  the  steepness  of  the  N.W.  side  of  each  anticlinal  gradually 
diiniirishing.  In  the  fifth  belt,  that  of  the  bituminous  coal  region  of 
the  Alleghany  and  Cumberland  mountains,  the  curves  dilate  and  sub- 
ude  into  broad  symmetrical  undulations  with  very  gentle  dips.  We 
thos  have  five  belts ;  the  greatest  flexures  and  folds  in  that  on  the  S.E., 
the  least  in  that  on  the  N.W.,  the  prevailing  dip  towards  the  S.E. 
Prof.  R<^rs  then  showed  that  the  folds  and  undulations  of  the  strata 
lie  in  groups,  the  several  axes  being  very  nearly  parallel  and  similar  in 
thdr  style  of  flexure,  many  of  the  larger  anticlinals  having  a  length 
ciSO  or  100  miles.  With  regard  to  the  distances  of  the  contiguous 
great  folds,  they  are  stated  to  be,  in  the  south-eastern  belt,  less  than 
one  mile ;  in  the  central  belt  between  one  and  two  miles ;  and  in  the 
north-western  belt  the  flexures  have  an  amplitude  of  from  five  to  ten 
mOes.  With  regard  to  dislocations  of  the  beds,  two  systems  are 
noticed — one  of  short  fractures,  nearly  perpendicular  to  tne  strike  of 
the  anticlinals ;  the  other  ranging  with  them,  and  often  of  consider- 
able amount.  The  longitudinal  cuslocations,  some  in  Virginia  having 
a  length  exceeding  100  miles,  are  considered  as  broken  flexures,  the 
fracture  almost  invariably  occurring  on  the  north-western  or  inverted 
Bides  of  the  anticlinals,  and  having  a  moderately  steep  south-eastern 
dip.  Some  of  these  great  fractures  constitute  faults  of  not  less  than 
8000  feet. 

Upon  looking  at  all  the  facts  adduced  by  the  Professors  Rogers, 
who  nave  thus  so  well  worked  out  the  flexures  and  fractures  of  the 
rocks  composing  this  part  of  the  United  States,  we  cannot  but  be 
struck  with  the  evidence  of  an  exertion  of  force  along  a  line  no  less 
than  1 300  miles  in  length,  folding  the  component  beds  of  rocks  in  such 
a  manner  as  to  show  that  the  effects  of  that  force  gradually  diminished 
towards  a  parallel  line  some  150  or  200  miles  distant  on  the  N.W. 
from  the  first  line.  We  have  thus  some  200,000  square  miles  of 
rocks,  the  thickness  of  which  we  do  not  know,  though  from  faults 
being  ascertained  of  as  much  as  8000  feet,  we  may  at  least  give  them 
a  mile  and  a  half  in  depth,  ridged  and  furrowed  in  great  parallel  bands, 
with  minor  flexures  aependent  on  the  same  ereat  exertion  of  force. 
The  effects  produced,  for  the  careftd  examination  and  full  description 
of  which  we  are  so  much  indebted  to  the  Professors  Rogers,  are  also 
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of  a  kind  leading  ns  to  infer  that  the  resistances  to  the  force,  let  it 
have  heen  what  it  might,  were  somewhat  uniform,  so  that  the  great 
flexures,  however  far  they  were  removed  from  that  force,  presCTred 
an  miiformity  of  character  during  their  range. 

The  hypothesis  advanced  by  the  Professors  Rogers  to  explain  the 
facts  observed  is,  as  you  have  been  some  time  aware,  that  the  soHd 
crust  of  the  earth,  resting  on  Hquid  matter,  having  been  exposed  to 
excessive  tension,  was  ruptured  along  great  Hues ;  that  the  suddoi 
relief  of  this  tension  produced  in  the  hquid  mass  beneath  two  receding 
sets  of  huge  waves  of  translation,  one  on  each  side  of  the  line  of  frac- 
tured crust,  which  threw  the  crust  into  corresponding  undulations, 
and  at  the  same  time  pressed  and  partially  carried  forward  the  two 
pulsating  zones,  in  the  direction  of  the  advancing  waves. '  The  cmsi 
beneath  each  concave  bend  is  supposed  to  have  cracked  and  opened 
downwards,  during  this  wave-like  motion,  so  that  molten  matter  be- 
neath rushed  in,  filled  the  rents  thus  formed,  partially  congealing  in 
wedge-shaped  masses,  which  assisted,  in  combination  with  other  pres- 
sures, in  preventing  the  mass  from  again  flattening  out,  and  thus  the 
temporary  flexures  were  braced  into  permanent  arches. 

In  the  first  stage  of  their  formation  the  flexures  are  supposed  to 
have  been  broad  and  gently  curved ;  even  then,  however,  the  arches 
steeper  on  the  forward  sides  of  the  waves.  A  succession  of  similar 
waves  of  translation,  starting  from  the  same  or  parallel  lines  of  rap- 
ture, are  considered  to  have  acted  on  the  flexures  already  formed,  con- 
tracting their  horizontal  width,  increasing  their  curvature,  and  aug- 
menting the  difference  in  the  anticlinal  dips,  even  to  the  inversion  of 
the  forward  side,  with  the  production  of  parallel  folding.  The  minor 
folds  and  contortions  are  referred  to  the  crumpling  of  the  softer  beds 
on  the  bends  of  the  principal  flexures. 

With  respect  to  this  view  you  will  observe,  that  it  is  to  waves  of 
translation  frequently  repeated,  and  starting  from  the  same  or  parallel 
Unes  of  rupture,  that  the  final  highly  crumpled  and  contorted  state  of 
the  parallel  bands  is  attributed ;  and  hence  that  th^  tension  of  the 
rocks  and  their  rupture  have  also  to  be  repeated,  so  as  to  produce 
these  waves.  If  we  should  admit,  which  we  confess  we  should  have 
great  difficulty  in  doing,  that  the  external  crust  would  conform,  in  the 
manner  supposed,  to  the  undulation  of  the  waves  produced  in  the  fluid 
mass  beneath  by  the  rending  of  this  crust  in  long  lines,  in  consequence 
of  tension,  we  have  to  reproduce  similar  conditions  to  cause  similar 
effects ;  that  is,  to  obtain  each  set  of  pulsations  we  must  have  the 
needful  tension  and  fracture.  We  have  thus  to  infer  that  the  rent, 
which  so  long  as  it  existed  would  give  way  before  any  repetition  of 
the  force  that  caused  the  first  tension,  was  cemented  up  m  such  a 
manner  as  again  to  permit  tension  of  a  kind  and  order  sunilar  to  the 
first,  and  so  on.  It  is  supposed  that  at  every  pulsation  the  beds  were 
crumpled  up  and  driven  aside  from  the  originid  rent,  or  others  parallel 
to  it,  so  that  unless  the  superficial  area  of  that  part  of  the  earth  were 
diminishing,  each  impulse  would  drive  the  once  continuous  beds  further 
from  each  other,  the  intervening  space  gradually  increasing,  and  re- 
quiring to  be  filled  up  by  the  Hqmd  matter  from  beneath  to  an  altitude 
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comspondhig  with  that  at  which  it  could  stand  relatirely  to  the  sphe- 
imdal  mass  of  which  it  is  considered  to  have  formed  the  upper  part. 

The  amonnt  of  separation  between  the  original  beds,  supposing  no 
contraction  in  that  part  of  the  earth's  surface,  would  correspond  with 
the  difference  whicn  the  folding  and  crumpling  of  the  beds  would 
make  in  the  length  of  the  section  across  them  prior  and  subsequent 
to  thm  contortion.  If  we  assume  a  fracture  n*om  tension  along  a 
fine  of  1300  miles,  and  the  section  across  the  beds  so  broken  through 
to  be  ene-aixth  less  now  than  prior  to  their  movement,  and  1 50  mil^ 
their  present  measurement,  after  contortion,  on  both  sides,  we  should 
have  an  opening  of  sixty  miles  between  the  edges  of  the  first  fracture, 
if  there  be  no  eridence  of  fractures  parallel  to  the  first.  Now  in  the 
case  of  the  Appalachian  r^on  the  fiuts  would  appear  to  show  that 
the  force  bad  sdways  been  exerted  in  the  S.E.  for  at  least  the  mean 
breadth  of  150  miles,  and  hence  the  tension-fractures, — considering 
them  to  haye  been  repeated,  and  thus  to  have  produced  waves  of 
translation  more  and  more  bending  up  the  beds,  so  as  eren  to  throw 
them  over  with  folds  dipping  towards  the  force  employed, — ^would 
hare  to  be  made  in  the  mass  of  matter  occupying  the  space  between 
the  edges  of  the  origmal  great  rent.  We  diould  thus  have  to  con- 
sider it  aa  from  time  to  time  consoHdated  in  such  a  manner  as  to  offer 
resistance  and  be  fractured  by  tension  in  the  manner  required. 

After  carefuDy  considering  the  facts  brought  forward  by  the  Pro- 
fessors Bogers,  for  which  the  best  thanks  of  geologists  are  due  to 
them,  it  appears  to  us  that  lateral  pressure,  not  from  the  mere  injeo- 
ticm  of  some  liquid  and  molten  matter,  which,  as  Professor  Roeers 
observes,  could  scarcely  produce  the  effects  observed,  when  such  molten 
matter  is  considered  to  form  a  portion  of  a  general  mass  beneath,  but 
firom  the  pressure  of  masses  of^the  crust  of  the  earth  against  other 
masnf  along  great  lines  of  firactnre  on  the  surface,  has  been  the  cause 
of  these  flexures.  Under  any  hypothesis,  the  sUding  of  a  portion  of 
the  earth's  crust  would  appear  to  be  essential,  as  also  a  flexibility  of 
the  component  beds  sufficient  to  admit  of  folding  and  contortion. 
The  greater  the  power  for  both,  the  less  the  necessity  for  the  rise  of 
the  squeezed  mass  into  mountains.  Under  the  hypothesis  of  lateral 
pressure,  considering  that  to  have  been  exerted  with  an  uniform  in- 
tensity for  1300  or  more  miles,  and  the  thickness  and  resistance  of 
the  cmst  sufficiently  uniform  dso,  we  do  not  perceive  anything  to 
prevent  the  general  mass  from  sliding  over  a  fluid  body  beneath, 
and  being  crumpled  and  folded  as  in  the  Appalachian  region. 

The  visit  of  our  colleague  Professor  Henry  Rogers  to  Europe  was 
for  the  more  especial  purpose  of  comparing  other  contorted,  ridged 
and  furrowed  r^ions  with  that  which  had  afforded  to  the  labours  of 
himself  and  brotiier  those  facts.  Examining  the  structure  of  the 
Devonian  formation  on  the  Rhine,  he  considers  that  the  entire  re- 
gion of  the  Devonian  and  carboniferous  rocks  exhibits  the  same  laws 
of  flexure  and  plication  observable  in  the  Appalachians,  and  he  p<Mnts 
to  a  section  from  S.E.  to  N.W.,  either  through  the  Taunus  to  West- 
phalia ;  cv  by  the  Rhine  from  Bingen  to  Remagen,  or  from  the  Hunds- 
mck  to  the  coal  region  of  Liege,  as  showing  an  almost  universal 
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south-eastern  dip,  resultiDg  from  the  dose  oblique  folds  with  steep  or 
inverted  dips  to  the  N.W.  of  each  large  anticlinal.  He  ftirther  re- 
marks, that  on  approaching  the  northern  side  of  the  district  the  flex- 
ures become  progressively  more  open,  and  that  the  inequality  in  the 
dip  of  the  sides  of  the  anticlinal  diminishes,  so  that  in  this  case  also 
the  force  would  have  been  applied  on  the  S.E. 

In  the  Jura  Professor  B(^rs  found  the  anticlinals  to  have  one  side 
of  the  arch  more  incurved  than  the  other,  but  not  inverted ;  and  some 
of  them  snapt  near  the  point  of  most  abrupt  curvature.  It  is  stated, 
that  while  the  ridges  are  higher  next  the  great  plain  of  Switzerland, 
all  the  individual  flexures  are  steepest  towards  the  Alps.  The  ave- 
rage dip  of  the  N.W.  sides  of  the  Jura  anticlinals  scarcely  amounts  to 
40°,  while  on  the  S.W.  it  exceeds  70°.  A  great  fault  is  supp<Med  to 
occur  on  the  southern  side  of  the  Jura,  arresting  the  expansion  and 
subsidence  of  the  flexures  in  that  direction. 

It  is  stated  that  in  the  Alps  the  axis-planes  dip  inwards  from  both 
flanks  towards  the  central  portion,  so  tnat  the  masses  are  folded  in 
opposite  directions ;  the  phcations  of  the  Bernese  Oberland  dipping 
south, those  of  the  chain  of  the  St.  Gothard  and  the  Simplon  towards 
the  north.  In  these  mountains  therefore  the  exertion  of  force  would 
be  from  the  great  central  axis  outwards  towards  the  flanks  on  the 
N.W.  and  S.E. 

Those  famihar  with  the  Alps  must  be  well-aware  of  the  g;Teat  dis- 
locations and  folds  exhibited,  and  of  the  whole  presenting  a  crushed 
appearance,  such  as  we  might  expect  from  the  heavy  pressure  of  the 
masses  composing  them  against  each  other  on  a  line  corresponding 
with  that  of  the  main  range.     If  the  various  dislocated  parts  were 
reunited,  and  the  folds  flattened  out,  and  the  component  beds  restored 
to  the  condition  in  which  they  were  formed,  the  area  now  occupied  by 
the  region  of  the  Alps  would  have  to  be  expanded  to  various  distances 
parallel  to  the  main  range, — ^the  flanks  pressed  out  into  Italy  on  the 
one  hand,  and  towards  the  countries  on  the  N.W.  and  W.  on  the 
other.     In  looking  at  the  flexures  and  dislocations  in  the  Alps  we 
have  to  regard  the  mass  of  them,  and  in  doing  so  we  seem  scarcely 
to  arrive  at  the  conclusion  that  the  flanks  have  been  driven  outwards 
by  impulses  acting  upon  a  fluid  mass  beneath  in  consequence  of  ten- 
sion along  the  central  axis ;  but  rather  that  the  component  beds  were 
squeezed  from  both  sides  up  against  a  main  central  line,  extending 
along  the  main  range  of  these  mountains,  so  that  the  effects  produced 
upon  the  partly  flexible  and  partly  more  unyielding  rocks  would 
throw  them  into  flexures  and  break  them  in  directions,  as  if  from  a 
force  acting  from  the  central  portions  outwards.     The  contorted, 
broken  and  jammed  masses  would  struggle  to  expand  themselves,  and 
to  avoid  being  squeezed  and  piled  up  into  the  atmosphere,  would  act 
with  all  the  power  due  to  their  gravity  in  forcing  the  rocks  which 
could  yield  into  flexures,  breaking  others  more  rigid,  and  even  the 
flexures  themselves  when  too  sharp  for  the  cohesion  of  the  beds,  so 
that  towards  the  central  asds  the  anticlinals  would  be  sharper  and 
more  folded,  with  inversions,  and  become  less  so  towards  the  extreme 
flanks. 
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Howeyer  divided  opinions  may  be  as  to  the  hypothesis  adyanced 
bj  the  Professors  Rogers,  in  explanation  of  the  order  of  the  flexures 
and  dislocations  obsenred  by  them  in  the  Appalachian  region,  and 
bj  Professor  Henry  Rogers  on  the  Rhine,  in  the  Jura  and  in  the 
Alps,  they  can  scarcely  differ  as  to  the  importance  of  the  obsenradons 
themselyes.  By  their  multiplication  we  should  eventually  obtain  a  vast 
body  of  evidence  as  to  the  directions  whence  the  forces  contorting 
and  crumpling  beds  of  rock  have  been  derived,  and  we  have  to  recol- 
lect that  many  of  the  effects  of  pressure  on  the  earth's  surface,  whence 
we  may  conclude  that  many  elevated  regions  have  resulted,  have  since, 
by  denuding  action,  been  more  or  less  planed  down ;  so  that  cubic  miles 
ik  the  materials,  in  all  probabihty  once  piled  up  in  ridges  and  masses, 
have  been  removed  and  used  again  as  the  component  parts  of  more 
recent  deposits,  often  again  to  be  partially  removed  and  employed 
anew  for  a  similar  purpose.  Sections,  therefore,  carefully  executed, 
and  upon  a  true  scale,  alike  for  height  and  distance,  become  as  valu- 
able in  a  contorted  district,  thoueh  not  marked  by  any  great  range 
of  mountains,  as  amid  the  bUter,  ^ere  there  are  more  direct  evidences 
of  the  piling  up  of  mineral  matter  above  ordinary  levels  from  the 
causes  producing  contortion  and  fracture  of  the  component  rocks. 

In  bis  memoir  *'  on  the  Geological  Structure  of  the  Alps,  Apen- 
nines and  Carpathians,"  Sir  Roderick  Murchison  presents  us  with  a 
notice  of  the  ancient  changes  of  Bur£EU%  in  the  Alps,  in  which  he 
points  out  the  contortion  and  fracture  of  the  deposits,  the  mode  of 
occurrence  of  which  he  has  previously  described.  He  observes  that, 
when  we  r^ard  any  one  region  of  the  Alps,  whatever  may  be  the 
major  axis  of  the  crystalline  mass  in  its  centre  (including  under  the 
terms  crystalline  mass,  gneiss,  mica  slate,  marbles,  &c.,  as  well  as 
granite),  that  such  is  also  the  prevailing  direction  of  the  sedimentary 
deposits  on  either  side.  Sir  Roderick  illustrates  this  in  the  eastern 
Alps  by  referring  to  the  various  accumulations,  up  to  the  tertiary 
deposits  inclusive,  which  surround  two  ellipsoidal  masses  of  granite, 
having  a  range  from  E.N.E.  to  W.S.W.  Minor  and  parallel  ellip- 
soids of  crystalline  rocks  are  noticed  in  the  Venetian  Alps,  and  the 
same  range  is  shown  to  occur  for  the  crystalline  rocks  of  the  central 
part  of  the  Tyrol,  the  chief  part  of  the  Lombardy  Alps,  the  nuclei 
of  the  Swiss  Alps,  and  for  the  associated  sedimentary  deposits.  The 
change  of  direction  to  one  more  N.  and  S.,  westward  of  Berne,  is  no- 
ticed, and  it  is  inferred  that  in  the  Maritime  Alps  the  uplifted  masses 
trend  round  so  as  to  become  confluent  with  the  Apennmes. 

Our  colleague  considers  it  clear  that  in  parts  of  the  Alps  there  has 
been  a  continuous  series  of  submarine  deposits  from  the  Jurassic  rocks 
to  the  flysch  inclusive  which  have  been  thrown  into  various  folds,  so 
that  sometimes  great  inversions  are  produced,  the  various  deposits 
having  had  no  more  consolidation  thui  many  accumulations  even  of 
old  date  now  found  in  Russia,  and  hence  that  this  folding  took  place 
after  the  deposit  of  certain  supracretaceous  rocks.  Details  of  good 
examples  are  given,  and  the  kmd  of  folding  above-mentioned  as  ob- 
served by  Professor  Rc^rs  is  stated  to  be  observable,  instances  being 
adduced  in  illustration.     A  great  fault  is  noticed  at  the  Righi,  bring- 
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ing  a  younger  portion  of  the  molasse  and  nagelflue,  with  an  inyerted 
dip,  against  the  lower  cretaceous  rocks,  and  its  range  is  indicated. 
Sir  Roderick  refers  to  the  labours  of  M .  Studer,  which  will  show  all 
the  modifications  arising  from  the  folding  of  the  Tarious  contorted 
beds  round  the  eUipsoids  of  crystalline  rocks,  modifications  which  re- 
quire to  be  understood  when  the  general  strUce  of  the  mass  is  under 
consideration.  He  gives  a  detail^  account  of  the  great  inversion  of 
the  masses  in  the  Canton  Glarus,  by  which  beds  of  supracretaceous 
a^  are  brought  beneath  a  covering  of  Hmestone  contaming  Ammo- 
mtes,  in  its  turn  surmounted  by  talc  slate. 

Our  colleague  calls  attention  to  the  necessity  of  most  careful  exa- 
mination of  the  contortions  and  fractures  (many  of  which  he  mentions) 
before  we  proceed  to  accoimt  for  the  forces  and  the  direction  to  which 
such  contortions  and  fractures  may  be  due.    A  most  needful  cautimi, 
and  one  which  cannot  be  too  much  borne  in  mind  in  such  r^ons  as 
the  Alps.     He  adverts  to  the  effects  produced  by  the  partial  disloca- 
tions and  overlapping  of  deposits,  so  that  the  sequence  is  disturbed 
in  one  minor  region  and  not  in  another,  whence  the  independence  of 
certain  accumulations  may  be  too  hastily  inferred,  remarking  that  the 
molasse  and  nagelflue  present  the  finest  example  of  true  indepen- 
dence of  deposits  in  Switzerland,  both  hthologically  and  zoologically. 
Finally  Sir  iloderick  observes  that  he  does  not  doubt  "  that  great 
mutations  of  outline  have  taken  place  at  different  periods,  not  onlv 
in  and  along  the  same  chain  of  mountains  in  lines  parallel  to  each 
other,  but  even  at  different  periods  upon  the  very  same  Hue." 

Changes  and  Modifications  which  Mineral  Masses  may  have  suffered 
since  in  the  Accumulationy  either  before  or  after  any  Movements 
which  they  may  have  sustained, 

Mr.  Sharpe,  in  a  second  communication  on  the  subject  of  slaty 
cleavage,  infers  that  the  facts  observed  in  connexion  with  this  structure 
in  the  mountain  district  of  Westmoreland  and  Cumberland  show  it 
to  be  due  to  causes  solely  mechanical,  thus  confirming  his  views 
founded  on  the  examination  of  slaty  cleavage  in  North  Wales,  Devon- 
shire and  Cornwall,  and  previously  brought  before  this  Society  "*", 

Our  oollea^e  passes  m  review  various  facts,  under  the  heads  of 
(1)  compression  of  )slate  rocks  in  a  direction  perpendicular  to  the 
planes  of  cleavage ;  (2)  two  planes  of  cleavage  in  slate ;  (3)  slate-pencO 
rock;  (4)  cleavage  not  connected  with  crystallization;  (5)  irregu- 
larities in  the  dilution  of  cleavage  planes ;  (6)  arrangement  of  the 
cleavage  planes  in  the  Cumbrian  mountains,  and  their  relation  to  the 
position  of  the  beds ;  (7)  northern  area  of  elevation ;  (8)  southern 
area  of  elevation ;  and  (9)  conclusions,  which  are  as  follows : — 

**  The  direction  of  the  cleavage  planes  is  in  direct  relation  to  the 
movements  of  elevation  of  the  strata,  being  everywhere  at  right 
angles  to  the  direction  of  the  elevating  force ;  and  when  the  beds 
have  been  raised  with  regularity  over  a  single  axis,  the  cleavage 
planes  appear  to  be  portions  of  curves  of  which  the  width  of  the  area 
of  elevation  is  the  diameter.  In  slaty  rocks  there  has  been  a  con- 
*  Qnaiteriy  Geologiotl  Jonnial,  vpL  iii.  p.  74. 
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siderable  oompression  of  the  mass  of  rock  between  the  planes  of 
desrage ;  that  is,  in  the  direction  corresponding  to  that  of  the  dera- 
ting force  :  this  compression  being  shown  by  the  distortion  of  the  in- 
chided  organic  remains  and  the  flattening  of  the  component  portions 
of  the  rock,  and  bearinff  a  proportion  to  the  degree  in  which  the 
dearage  is  deTcloped.  The  compression  of  the  mass  in  a  direction 
perpendicolar  to  the  deavage  has  been  partiaUy  compensated  by  its 
expansion  along  the  dip  of  the  cleavage,  in  which  direction  only  its 
expansion  was  permitted  as  the  elevation  of  the  beds  enlarged  the  area 
occnpied  by  them.  The  difference  between  the  amount  of  compression 
in  one  direction  and  expansion  in  another,  is  accounted  for  in  the 
greater  density  of  the  rock  after  compression.  No  connexion  has 
been  detected  between  cleavage  and  crystallization  beyond  a  tendency 
of  plates  of  talc  and  mica  to  ammge  themselves  along  the  planes  of 
dearage ;  but  as  on  these  planes  there  would  be  the  least  resistance 
to  their  intrusion  or  formation,  this  may  have  been  a  subsequent  ope- 
ration, and  should  not  alter  our  opinion  of  the  cause  of  the  cleavage." 

Ton  will  necessarily  refer  to  the  communication  itself  for  the  facts 
consideTed  to  justify  these  views,  and  take  them  in  connexion  with 
the  former  memoir  on  the  same  subject  by  Mr.  Sharpe.  The  frag- 
ments found  in  certain  brecciated  beds  of  Patterdale,  Langdale,  and 
other  places,  are  inferred  to  have  been  flattened  by  the  pressure  con- 
sequent on  the  elevation  of  the  strata,  and  to  have  been  mus  squeezed 
into  planes  narallel  to  those  of  the  deavage,  therefore  by  the  same 
force  which  lengthened  organic  remains  in  the  cleavage  planes  of  cer- 
tain fossiliferous  rocks.  Though  difficult  otherwise  to  observe,  it  is 
stated  that  by  means  of  a  lens  the  constituent  particles  of  good  roof- 
ing slates  are  found  to  be  "  flattest  between  the  cleavage  planes  and  ;/ 
longest  along  the  dip  of  the  cleavace."  The  double  deavage,  pro-  ^ 
dndng  the  prismatic  solids  worked  for  slate-pencils  near  Shap,  is 
inferred  to  have  resulted  from  a  second  compression. 

In  the  address  for  last  year  attention  was  called  to  a  memoir  by 
Mr.  Hopkins  on  the  internal  pressure  to  which  rock  masses  may 
have  been  subjected,  and  its  possible  influence  on  the  production  of 
laminated  structure,  a  memoir  to  which  we  would  again  request  your 
attention  with  respect  to  the  arrangement  of  the  component  parts  of 
strata  consequent  on  their  pressure,  bending,  and  contortion. 

There  can  be  little  doubt  that  it  is  highly  needful,  when  we  regard 
a  mass  of  rocks,  divided  by  cleavage  plimes,  thoroughly  to  weigh  the 
effects  that  may  be  due  to  mechanical  pressure  alone.  When  there- 
fore we  find  bwls,  so  cleaved,  to  have  been  removed  from  horizon- 
UJdtj,  or  that  approadi  to  it  which  we  infer  the  original  mud,  silt, 
san<u,  or  gravels  to  have  taken  from  deposit,  we  have  in  the  first  place 
to  inquire  what  would  be  the  effect  of  the  amount  of  elevation,  bend- 
ing, or  contortion  observed,  regarding  the  mass  of  rocks  on  the  large 
scale.  In  so  doing  we  have  carefuUy  to  examine  the  rocks  them- 
sehresy  to  see  if  we  can  leimi,  from  the  structure  of  the  component 
beds,  the  probable  cohesion  of  the  parts  of  the  various  strata  when 
the  elevation,  bending  and  contortion  were  effected.  More  can  often 
be  seen  for  this  purpose  than  might  at  first  sight  iq>pear  probable. 
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We  haTe  also  to  regard  the  raried  resistances  whicli  beds  of  dissimilar 
cohesion  and  composition  would  offer  to  the  bending  or  contorting 
force,  the  slipping  of  beds  on  each  other  (a  very  common  circum- 
stance in  some  contorted  countries),  and,  in  certain  r^ons,  the  com- 
pUcation  arising  from  beds  moTcd  more  than  once  and  in  different 
directions. 

Whatever,  therefore,  our  views  may  be  as  to  the  cause  of  cleavage 
planes,  the  effects  which  can  be  produced  by  mechanical  action  alone 
demand  our  attention ;  and  hence  the  Society  stands  much  indebted 
to  Mr.  Sharpe  for  bringing  this  subject  so  pointedly  before  it.  The 
hypothesis  he  supports  Mr.  Sharpe  considers  sufficient  to  account  for 
the  facts  he  has  noticed,  and  those  who  were  present  here  wh^i 
the  discussion  upon  this  communication  took  place,  must  have  fully 
appreciated  the  desire  of  our  colleague  to  arrive  at  the  truth,  regard- 
less of  his  own  hypothesis  or  that  of  any  one  else,  so  that  the  facts 
be  explamed. 

We  had  occasion  in  the  address  of  last  year,  while  alluding  to  the 
memoir  of  Mr.  Hopkins,  before  noticed,  to  express  our  participation 
in  the  view  that  cleavage  was  due  to  the  action  of  a  force  by  which 
the  component  particles  of  the  rock  were  arranged  in  a  manner 
analogous  to  crystallization,  pointing  to  the  discoveries  of  Faradinr 
and  others  respecting  the  properties  of  matter  as  affording  grounds 
for  such  a  view.  At  the  same  time  we  fully  admit,  with  Mr.  Sharpe, 
the  importance  of  ascertaining  the  laminating  effects  which  may  be 
simply  due  to  mechanical  pressure,  and  the  necessity  of  not  attributing 
to  one  cause  the  effects  which  may  really  be  due  to  another. 

It  may  be  fairly  asked,  if  the  casts  of  fossils  are  found  elongated 
in  the  planes  of  cleavage,  why  not  included  fragments  of  rocks  also, 
supposmg  a  motion  of  their  component  particles,  from  some  efficient 
cause  7  In  the  first  place  it  would  be  desirable  to  ascertain,  though 
the  fragments  may  be  in  the  planes  of  the  cleavage,  if  they  may  not 
have  been  deposited  in  the  planes  consequent  on  me  original  drift  of 
detritus,  these  fragments  included,  along  the  bottom  of  water,  so  that 
they  were  accumidated  in  planes  sloping  from  the  upper  siuface  of 
the  bed  to  its  base,  in  the  manner  commonly  known  as  '  false  bedding.' 
If  the  angle  of  the  plane  of  cleavage  (to  which  such  fragments  are 
parallel)  be  too  great  for  this  view,  then  we  have  to  regard  the 
lengthening  of  the  apparent  fragments,  and  how  far  they  may  have 
really  been  hard  when  acted  upon ;  and  in  doing  so  we  have  to  con- 
sider, if  the  fragments  be  those  of  some  hardened  rock  or  rocks,  the 
effects  that  would  follow  from  the  pressure  of  bodies  of  unequal 
resistance  in  the  bed  of  which  they  constituted  the  parts,  as  for  ex- 
ample clay  beds  holding  fra^ents  of  previously  consolidated  slates, 
or  pebbles  of  sandstone  or  hard  trappean  rocks.  Mr.  Sharpe  has 
called  attention  to  the  shape  of  the  component  particles  of  fine  roof- 
ing-slates, and  the  probability  of  their  having  been  lengthened  in  the 
lines  of  cleavage ;  a  very  important  fact,  whatever  our  views  of  the 
kind  of  force  employed. 

It  would  be  out  of  place  further  to  dwell  on  this  subject,  one  of 
great  geological  interest,  more  particularly  when  combined  with  the 
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dmskmal  pknes  tenned  joints.  Examples  of  rocks  cut  by  two 
d^yage  pumes  and  two  planes  of  joints,  besides  tbe  planes  of  the 
original  bidding,  are  occasionally  seen,  so  that  the  most  complicated 
appearances  are  produced,  particularly  when  the  cleavage  is  neither 
parallel  nor  at  right  angles  to  the  planes  of  deposit.  Cleavage  may  be 
sometimes  seen  to  have  produced  ridges  of  hills,  during  denudation,  in 
a  direction  different  from  the  strike  of  their  beds,  even  diagonally  to 
that  strike,  as,  for  example,  the  range  in  Ireland,  known  from  one  of 
the  hills  as  the  Chair  of  Kildare.  We  there  see  a  variety  of  sub- 
stances,  slates,  sandstones  and  trappean  rocks,  even  a  hard  and  beau- 
tiful porphyry  among  the  rest,  all  cut  by  a  eeneral  line  of  cleavage, 
ranging  diagonally  to  the  strike  of  the  beds.  Again,  we,  in  some 
regions,  find  beds  contorted  in  all  directions,  as  well  horizontally  as 
vertically,  cut  by  some  general  line  of  cleavage,  one  common  to  some 
great  district,  and  of  wmch  these  contortions  constitute  only  a  minor 
portion. 

To  bring  the  snbject  within  grasp,  great  districts  have  to  be  care- 
fully worked  out  for  their  cleavage  planes,  not  neglecting  any  of  their 
modifications.  The  conditions  of  the  rocks  themselves,  their  varied 
compositions,  flexures,  and  probable  state  as  r^ards  cohesion  at  the 
time  of  one  or  more  compressions  from  the  exertion  of  mechanical 
force,  have  to  be  carefully  weighed.  Neither  should  those  divisional 
planes,  the  jointy  be  neglected,  cutting,  as  they  often  do,  through  a 
variety  of  rocks,  and  yet  no  trace  of  the  least  shift  of  their  sides 
observable.  We  are  indebted  to  Professor  Sedgwick  for  eeneral  views 
as  to  the  direction  of  cleavage  in  parts  of  our  island,  and  Mr.  Shu|)e 
has  brought  the  movement  of  the  particles  of  rocks  in  planes  of 
cleavage,  also  noticed  by  Professor  John  Phillips,  prominentiy  be- 
fore you,  and  at  the  same  time  has  directed  your  attention  to  the 
general  character  of  cleavage  planes  in  certam  extended  districts. 
Let  us  hope  that  those  who  have  taken  part  in  this  important  inves- 
tigation, whatever  their  views  of  the  cause  of  cleavage  may  be,  will 
continue  their  labours  in  this  field,  and  that  we  may  have  the  results 
communicated  to  this  Society  for  that  honest  discussion  which  usually 
follows  the  reading  of  papers  in  this  room. 

In  his  communication  on  the  comparison  of  the  structural  features 
of  the  Appalachians  with  those  of  certain  disturbed  regions  in  Europe, 
Professor  Henry  Roeers  considers  cleavage,  and  points  out  that  the 
alterations  of  intemiu  structure  and  texture  of  the  rocks  in  the  Appa- 
lachian region  prevail  much  further  to  the  north-west  than  the  limits 
of  the  igneous  rocks.  These  alterations  are  noticed  as  an  induration 
of  all  the  rocks,  the  crystallization  of  the  limestones,  the  debitumeni- 
zation  of  the  coals,  and  an  extensive  cleavage  of  the  argillaceous 
masses.  The  planes  of  cleavage  are  remarked  as  dipping  almost  in- 
variably with  tne  closely-folded  beds  towards  the  south-east,  and  it  is 
stated  that  the  cleavage  is  approximately  parallel  to  the  axes-planes, 
a  position  inferred  to  be  in  accordance  with  a  law  applicable  to  all 
pUcated  districts.  According  to  the  Professor,  the  cleavage  dip  of  the 
Alps  is  in  consequence  directed  inwards  firom  both  sides  alone  the 
great  axes-planes,  so  that  the  arrangement  of  the  plications  and  the 
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cleavage  dips  produces  the  fan-shaped  stratification  noticed  in  that 
range  of  mountains.  His  explanation  of  the  cause  of  deavage  ia  that 
every  plicated  mass  of  matter,  after  flexure,  consisted  of  hotter  and 
colder  planes,  so  that  an  agency  was  exerted  analogous  to  that  of  a 
thermo-electric  pile,  inducing  in  the  surrounding  unsoUdified  materials 
the  special  and  symmetrical  polarities  of  the  particles,  which  have 
been  supposed  the  proximate  cause  of  cleavage. 

In  his  paper  on  the  Silurian  rocks  near  C^rto  Mr.  Sharpe  men- 
tions that  the  cleavage  and  foliation  of  the  gneiss,  mica  sduata  and 
Silurian  accumulations  of  that  district  would  appear  to  form  an  irre- 
gular arch  over  the  Oporto  granite,  of  which  the  diameter,  if  it  could 
be  fully  seen,  would  be  about  twenty-five  miles.  The  perpendicular 
cleavage  observed  about  two  miles  east  of  Vallongo,  in  the  middle  of 
clay  slates,  forms  its  limit  in  that  direction,  and  the  commencement 
of  another  arch,  extending  to  the  N.E.,  and  in  which  the  igneous  rocks 
to  the  southward  of  Baltar  would  occur.  The  strike  of  the  cleavage 
would  appear  to  be  N.W.  and  S.E. 

In  the  address  of  last  year  we  had  occasion  to  call  your  attention 
to  the  case  adduced  by  Mr.  Charlesworth  of  the  preservation  of  the 
soft  parts  of  a  Trigonia  by  means  of  silica,  and  to  remind  you  of  the 
observations  of  Dr.  Mantell  respecting  the  preservation  of  the  re- 
mains of  the  soft  parts  of  molluscs  by  the  same  substance.  During 
the  past  year  Mr.  Bowerbank  brought  before  us  a  paper  on  a  nli- 
ceous  zoophyte,  Alcyonites  parasiticum.  He  describes  a  small  agate, 
the  locality  of  which  is  not  known,  as  containing  a  body  which  ap- 
pears to  have  been  of  a  fleshy  texture  and  semitransparent,  like  that 
of  Alcyonidium  gelatinosum  of  our  coasts,  encrusting  the  fibres  of 
a  species  of  Verongia,  the  tubular  fibres  of  the  sponge  being  in 
many  places  beautimlly  preserved.  The  surface  of  the  polypidom  is 
stated  to  present  a  strongly  mammillated  or  tuberculated  appearance 
which  Mr.  Bowerbank  thinks  may  possibly  have  resulted  from  the 
exhaustion  of  the  animal,  anterior  to  death,  having  prevented  its 
complete  withdrawal  within  the  polypidom.  Our  colleague  then 
refers  to  the  rapid  deposit  of  silica  wluch  could  thus  preserve  animal 
tissue  before  it  was  decomposed,  and  considers  that  after  the  first 
quick  deposit  of  the  siliceous  matter,  the  filling  up  of  the  interstices 
of  the  tissue  proceeded  more  slowly.  Mr.  Bowerbank  afterwards 
discusses  the  mode  in  which  silica  has  been  deposited.  Having  ex- 
amined microscopically  siliceous  deposits  from  the  Geysers,  brought 
to  this  country  by  Mr.  Babingdon,  he  does  not  find  the  parts  arranged 
in  a  fibrous  crystalline  manner  as  in  chalcedony  or  agates,  but  more 
like  a  mass  of  melted  glass,  not  having  had  the  conditions  for  crystal- 
lization aflbrded.  In  the  fossil  noticed  he  also  found  no  appearance 
of  crystallized  arrangement  of  the  siHca,  and  concludes,  from  what 
he  has  observed  during  the  crystallization  of  certain  salts  beneath 
the  microscope,  that  even  in  the  case  of  chalcedony  the  crystallization 
of  silica  may  be  achieved  in  much  less  time  than  is  conmionly 
imagined. 

Kespecting  the  production  of  artificial  quartz  and  siliceous  coatings, 
Mr.  Bowerlmnk  quotes  a  communication  of  Mr.  Warren  de  la  RoCi 
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in  whkh  tliat  genUeman,  after  advertmg  to  fluoride  of  silicon  being 
decomposed  bj  contact  with  water;»  part  of  the  silica  being  deposited 
as  a  jeUy,  and  silicated  hydrofluoric  acid  produced,  and  to  the  solu- 
Inlity  of  the  deposited  silica  in  water,  remarks  that  he  had  always 
obscured  that  the  separated  silicated  hydrofluoric  acid  contained  un- 
eombined  silica,  deposited  after  the  lapse  of  some  months  in  minute 
cry^als  of  quartz.  Upon  microscopically  examining  these  siliceous 
bodies,  Mr.  BowerbanK  found  not  only  crystals  of  quartz,  but  also 
dudcedonic  deposits  in  the  form  of  fluny  plates,  composed  of  two 
and  eren  three  layers  of  characteristic  acicular  crystals. 

Our  colleague  then  proceeds  to  inquire  whence  the  abundance  of 
silica  was  obtained  which  we  observe  amid  deposits  of  various  geolo- 
gical dates.  After  adverting  to  the  action  of  high  pressure  and  tern* 
perature  in  aiding  the  solution  of  silica,  Mr.  Bowerbank  is  disposed 
to  think  that  the  supply  of  this  substance  to  fossils  has  been  more 
from  the  waters  of  the  ocean  than  has  been  supposed,  being  there 
greatly  diffused.  He  adduces  the  inftisoria,  abounding  in  aU  parts 
of  the  seas  of  the  world,  as  proving  this  difiusion,  and  remarks  on  the 
amount  of  soluble  silicates  borne  into  the  ocean  from  the  decomposi- 
tion of  felspathic  minerals,  and  observes  on  the  appropriation  of  sihca 
by  animals  and  by  plants.  He  also  adverts  to  the  possibility  of 
aoimal  and  vegetable  matter  exercising  an  attractive  influence  on 
silica. 

With  respect  to  the  dissemination  of  silica  by  means  of  solution  in 
the  crust  of  the  earth,  we  have  sufficient  evidence  that  it  has  been 
most  abundant  and  extensive.  Not  only  does  it  occur  as  the  chief 
cementing  substance  uniting  the  grains  of  so  many  sandstones,  but  it 
is  also  found  disseminated  m  clays  and  in  a  variety  of  other  rocks, 
even  certain  limestones,  far  more  than,  without  minute  investigation, 
might  be  supposed.  When  previously  mentioning  the  labours  of 
Berzdius,  we  had  occasion  to  notice  the  abundance  of  silica  among 
the  various  mineral  masses  known  to  us.  Sihca  exists  in  large  quan- 
tities in  the  igneous  rocks  (indeed  the  mass  of  them  is  formed  of  little 
else  than  various  silicates),  and  from  these  rocks  the  detrital  deposits 
Latc  been  chiefly  formed*. 

It  would  be  scarcely  necessary  to  remind  you,  that  among  other 
sources,  the  decomposition  of  that  abundant  mineral  family,  the  fel- 
spars, readily  afibrds  the  means  of  throwing  silica  into  conditions  for 
solution.  Nor  need  we  advert  to  the  faciUties  afforded  by  solutions 
for  the  transport  of  sihca  from  one  situation  to  another  by  geological 
means,  nor  of  the  ease  with  which  it  would  pass  throueh  the  pores 
of  rocks,  even  of  many  supposed  to  be  very  compact.  We  may,  now- 
ever,  recall  your  attention  to  the  experiments  of  Sir  James  Hall,  who 
many  years  since  (twenty-four)  showed  that  by  mingUng  common 
salt  (chloride  of  sodium)  with  grains  of  sand  and  exposing  the  mix- 
ture to  suflicient  heat,  even  beneath  water,  that  consohdation  was 

^  Taking  a  general  view  of  the  relative  abundance  of  the  metallic  bases  of  the 
eartbs  and  aUudies,  they  would  stand,  as  we  had  occasion  formerly  to  notice 
(I* Besearchea  in  Theoretical  Geolojgy/  1834,  p.  24),  as  follows:—!.  Silidum, 
i»  Ahunlnium,  3.  Potassium,  4.  Sodium,  5.  Magnesium,  and  6.  Calcium, 
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effbcted, — in  fact,  that  a  potter's  glaze,  as  Sir  James  pointed  out, 
made,  or  in  other  words,  that  a  suicate  of  soda  was  produced  which. 
cemented  the  grains  of  sand,  forming  a  sandstone.     If  we  follow  out 

this  view,  and  bear  in  mind  that  every  detrital  deposit  in  the  sea, 

mud,  silt  and  sand, — ^is  well  saturated  with  sea  water,  and  conse- 
quently has  much  chloride  of  sodium  disseminated  amid  silicates  and 
silica,  often  in  a  minute  state  of  division,  we  shall  see  that  if  suffi- 
cient heat  be  applied  to  such  detrital  sheets  of  matter  so  saturated, 
we  have  the  conditions  for  the  formation  of  the  silicate  of  soda.  The 
needful  amount  of  heat  may  either  be  applied  by  the  intrusion  of  a 
mass  of  molten  rock,  such  as  granite,  or  by  sinking  the  mass  of 
matter  to  great  depths,  and  beneath  coverings  of  more  recent  accu- 
mulations. 

No  doubt,  when  we  regard  the  subject  in  this  light,  there  are  very- 
many  other  things  to  be  considered  than  the  mere  application  of 
heat,  and  the  presence  of  silica  and  chloride  of  sodium.  Many  of  the 
complications  which  would  arise  will  readily  suggest  themselves  to 
you.  We  merely  desire  to  call  your  attention  to  the  production  by 
such  means  of  sihcate  of  soda,  among  other  changes  and  modifications. 
Certain  of  the  sihcates  of  soda  which  might  be  so  formed  may  be 
soluble,  so  that  during  the  circulation  of  moisture  amid  the  fissures, 
joints,  cleavages,  beds  and  pores  of  rocks,  they  may  be  removed,  while 
others  may  not  be  so,  under  the  conditions,  but  remain  cementing  the 
portions  of  detrital  matter  together,  turning  parts  and  even  whole 
sheets  of  friable  deposits  into  hard  rocks. 

We  are  far  from  supposing  that  silica  may  not  be,  and  is  not  ob- 
tained in  solution  in  various  other  ways,  and  be  thus  transported 
from  one  place  to  another.  Other  means  are  sufficiently  obvious ;  but 
it  seemed  not  undesirable  to  recall  your  attention  to  the  experiments 
of  one,  who  laboured  so  earnestly  in  the  promotion  of  our  science,  at  a 
time  when  experimental  investigations  were  less  appreciated  than 
many  an  unsupported  and  often  wild  assumption.  It  may  scarcely 
be  necessary  to  remind  you,  that  when  such  a  solution  as  we  have 
noticed  met  with  carbonic  acid  it  would  be  decomposed,  and  the  silica 
set  free,  to  be  borne  onwards  with  the  moisture  or  water,  and  de- 
posited, according  to  conditions.  You  are  fully  aware  of  the  decom- 
position of  the  silicates  of  soda  or  potass  of  the  felspar  family  by 
means  of  carbonic  acid,  even  that  in  the  atmosphere,  and  the  conse- 
quent state  of  the  silica  under  such  circumstances. 

Although  springs  show  us  many  solutions  which  have  been  effected 
by  means  of  water  traversing  rocks,  especially  when  percolating 
through  mineral  masses  elevated  above  tne  level  of  the  sea,  thus 
washing  out  many  a  substance  from  them  which  became  disseminated 
amid  their  constituent  parts  when  accumulated  beneath  the  sea,  or 
produced  by  subsequent  conditions, — chloride  of  sodium  very  com- 
monly,*— they  do  not  always  give  us  the  conditions  of  the  substances 

♦  This  common  presence  of  chloride  of  sodinm  is  a  very  interesting  circnm- 
stance.  When  submarine-formed  deposits,  moistened  with  a  solution  of  it,  are 
elevated  into  the  atmosphere,  it  becomes  by  degrees  washed  out  of  them,  so  that 
the  longer  they  have  been  exposed  during  the  lapse  of  geological  time  to  this 
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in  the  interior  of  the  mineral  masses  themselves.  An  illustratiye 
example  of  this  fact  is  to  be  found  in  the  chalk  beneath  the  Lon- 
don clay,  on  which,  with  its  covering  of  gravel,  we  are  now  assem- 
bled. The  springs  from  the  chalk,  where  it  crops  out  to  the  north, 
west,  and  south  of  us,  show  no  want  of  the  bicarbonate  of  hme  in 
solution ;  it  b  sufficiently  abundant ;  but  in  the  water  of  the  wells 
which  have  been  sunk  in  London  through  the  clay  into  the  chalk 
this  substance  is  scarce,  and  has  even  been  found  absent.  Li  the 
well  at  Trafalgar  Square  out  of  68*24  grains  of  solid  matter  in  an 
imperial  gallon,  3-255  only  were  carbonate  of  lime,  while  there  were 
18  grains  of  carbonate  of  soda ;  and,  as  iUustrating  the  dissemination 
of  chloride  of  sodium,  20  grains  of  that  substance.  In  the  deep  well 
at  Camden  Town,  also  in  the  chalk,  out  of  44  grains  of  solid  matter 
in  an  imperial  gallon,  1 7'6  were  composed  of  carbonate  of  soda,  11*1 
of  chloride  of  sodium,  and  no  trace  of  carbonate  of  lime  was  de- 
tected*. 

To  explain  these  interesting  circumstances  Dr.  Lyon  Playfair  has 
suggested  to  me  that  the  first  effect  arising  from  water  containing 
carbonic  acid«  and  filtering  through  chalk  in  which  there  was  silicate 
of  potash  or  soda,  would  be  to  dissolve  the  carbonate  of  lime,  so  that 
if  soon  thrown  out  as  spring-water  it  would  contain  the  bicarbonate 
of  lime  in  solution,  l^en  however  this  water  percolated  through 
a  very  extended  bed  of  chalk  (containing  an  alkaline  silicate  as  the 
chalk  usually  does),  the  free  carbonic  acid  in  the  water  would  seize 
the  alkali  and  form  a  carbonate,  while  the  carbonate  of  lime  deprived 
of  its  solvent  would  fall  down.  Hence  it  is,  he  concludes,  that  the 
deep  well  water  of  London  obtained  from  the  chalk  beneath  the  Lon- 
don clay  is  comparatively  soft,  containing  only  a  few  grains  of  bicar- 
bonate of  Ume,  and  even  sometimes  none  at  all,  whUe  carbonate  of 
soda  is  found  in  considerable  abundance,  as  also  some  free  silica. 
Allading  to  the  observations  of  Mr.  Clutterbuck,  who  found  that 
there  was  an  intimate  connexion  between  the  fall  of  water  at  Watford 
and  the  deep  wells  in  London,  the  weHs  at  Watford  rising  on  Monday 

ftctioD,  or  to  any  circtimstancet  decomposing  the  salt,  the  less  amount  of  chloride 
of  sodium,  all  other  conditions  being  the  same,  should  we  expect  to  find  in  the 
springs  firom  such  rocks.  Among  those  other  conditions  we  should  have  to  regard 
as  important  the  relative  porosity  of  rocks  and  their  exposure  to  atmospheric 
waters,  which  should  abundantly  percolate  through  them,  and  not  readily  run  off 
their  exposed  surfaces, 

*  The  following  are  the  analyses  of  the  waters  at  the  wells  in  Trafalgar  Square 
and  Camden  Town,  the  first  by  Messrs.  Abel  and  Rowney,  the  second  by  Mr. 
Richard  Phillips  :— 

Tnhlfu  Sman.         Camden  Town. 

Carbonate  of  lime 3-255  

Phosphate  of  lime 0034  

Carbonate  of  magnesia 2*254  

Sulphate  of  potash    13*671  

Sulphate  of  soda    8*749  13*00 

Chloride  of  sodium    20058  11*10 

Phosphate  of  soda  0-291  

Carbonate  of  soda 18*049  17*60 

Silica 0*971  trace. 

Organic  matter 0*908  2*30 
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when  there  had  been  no  pumping  at  the  krge  breweries  in  London 
from  the  deep  wells  on  Sunday,  Dr.  Lyon  Playfair  remarks  that  this 
would  give  about  twenty  miles  for  filtration  through  the  chalk  to  the 
deep  wells  in  London,  for  so  much  water  as  may  be  supplied  firom  the 
direction  of  Watford. 

The  agricultural  importance  of  phosphate  of  Ume  has  of  late  years 
caused  more  search  to  be  made  for  this  substance  than  formerly, 
though  its  occurrence  as  a  component  part  of  certain  (organic  remains 
and  o(  some  rocks  has  been  long  known.     Mr.  Paine,  of  Famham, 
haTing  pointed  out  that  certain  beds  contained  phosphate  of  Hme  in 
sufficient  abundance  to  render  them  of  much  agricultural  value,  our 
colleague,  Mr.  Austen,  was  induced  to  inyestigate  the  mode  of  occur- 
rence of  the  phosphate  of  Ume  in  his  own  neighbourhood,  that  of 
Guildford.     He  found  that  the  phosphate  of  lime  nodules  are  abun- 
dant in  the  upper  greensand.     They  also  occur  in  the  gault,  in  two 
distinct  beds,  remarkably  persistent  in  the  district.     In  describing 
the  position  of  these  beds,  Mr.  Austen  takes  occasion  to  point  out 
the  inaccuracy  of  the  published  geological  maps  and  sections  of  the 
district,  calling  attention  to  the  beds  of  very  different  parts  of  the 
cretaceous  senes  which  are  brought  up  along  the  escarpment  of  the 
North  Down  range.     Haying  asoertamed  the  facts  connected  with 
the  layers  of  phosphate  of  lime  nodules  in  the  yicinity  of  Guildford, 
Mr.  Austen  examined  the  neighbourhood  of  Famham,  and  found  the 
component  parts  of  the  cretaceous  series  the  same  as  near  Guildford, 
with  the  exception  that  sandstones,  occasionally  cherty,  represent  near 
Famham  the  firestone  on  the  eastward  and  the  malm  rock  on  the 
west,  differing  however  from  them  in  containing  scarcely  any  car- 
bonate of  lime.     This  Mr.  Austen  infers  to  have  happened  mm  a 
stream  of  water,  having  a  course  somewhat  north  and  south,  drifting 
rather  coarse  materials  with  little  calcareous  matter  in  this  locality. 

Mr.  Austen  regards  the  phosphoric  acid  of  the  nodules  as  of  animal 
origin.  When  the  nodules  are  rubbed  down  they  present  a  ccmoen- 
trie  arrangement  of  parts,  resembling  bodies  formed,  like  agates,  by 
infiltration  into  cavities ;  and  our  colleague  points  out  that,  where 
the  casts  of  iMvalve  shells  and  ammonites  are  filled  with  matter  con- 
taining phosphate  of  lime,  these  forms  must  have  been  first  inclosed 
in  the  sand,  that  then  the  proper  shelly  matter  was  removed,  and 
finally  that  the  earthy  phosphate  occupied  the  place  of  the  hollow. 
He  supposes  that  the  phosphoric  acid  may  have  formed  part  of  the 
coprohttc  matter  of  the  time,  this  matter  in  part  preserved  with  its 
original  external  form,  while  more  frequently  it  was  broken  up  and 
the  component  portions  diffused  amid  the  sand  and  ooze.  He  also 
draws  attention  to  the  conditions  to  which  the  beds  containing  these 
substances  have  been  exposed  since  their  formation,  having  been 
covered  by  thick  deposits  and  having  descended  to  depths  beneath 
the  level  of  the  sea,  where  they  were  exposed  to  an  elevated  tem- 
perature corresponding  with  the  depth  and  the  amount  of  bad  heat- 
conducting  bodies  above  them,  so  that  many  chemical  changes  were 
effected,  and  among  them  a  more  general  difmsion  of  phosphoric  acid 
in  the  mass. 
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Mr.  Nesbit  has  also  communicated  to  us  some  remarks  on  the 
ptcsence  of  phosphoric  add  in  the  subordinate  members  of  the  cre- 
taceous series.  He  states  that  he  n^ndoned  to  Mr.  Paine,  in  No- 
vember \B47f  the  existence  of  a  lai^  amount  of  phosphoric  add  in 
a  fertile  Farnham  marl,  and  that  he  subsequently  obtained  28  per 
cent,  of  phosphoric  add  from  portions  of  this  marl,  the  general  mass 
eontainii^  about  2  per  cent.  Nodules  from  the  Maidstone  gwdt  also 
^ife  bim  28  per  cent,  of  phosphoric  add.  Other  localities  are  no- 
ticed, and  as  much  as  69  per  cent,  of  phosphoric  add  is  mentioned 
as  contained  in  a  dark  red  sandstone  rock  occurring  in  masses  in  the 
upper  PortioB  of  the  lower  greensand  at  Hind  Hill. 

Mr.  Wigsms  has  sent  us  a  notice  of  the  fossil  bones  and  coprolitic 
sobitaiicesaiscoTered  in  the  crag  of  Suffolk,  remarking  on  the  value 
of  the  latter  for  agricultural  purposes,  200  tons  of  them  having  been 
oUained  firom  about  a  rood  of  ground, — an  additional  instance  of  the 
ranains  of  animals  and  their  faeces  entombed  in  rocks  of  different 
geological  ages  becoming  available  for  the  growth  of  existing  plants. 

As  r^ards  phosphate  of  lime  and  its  db»emination,  which  modem 
researches  have  shown  is  much  greater,  when  sn£Gident  quantities  of 
lo^a  are  examined,  than  appeared  from  the  analyses  of  the  small 
poirtioQs  usually  employed, — a  matter  of  interest  when  we  consider 
the  phosphate  of  lime  required  for  certain  plants, — we  should  recoUect 
that  when  free  carbcmic  add  is  present  in  water,  the  phosphate,  like 
carbonate  of  lime,  though  not  to  the  same  amount,  is  very  soluble. 
Hence,  especkdl^  when,  as  noticed  by  Mr.  Austen,  phosphate  of  lime 
is  disseaoinated  m  the  state  of  firesh  coprdites  amid  detrital  matter, 
mod  water  containing  free  carbonic  add  is  present  and  can  have  access 
to  it,  the  pho^>hate  of  time  would  be  in  a  condition  to  be  removed 
mod  diswminated.  Mr.  Austen  has  alluded  to  the  mixture  of  such 
bodies  with  v^;etaUe  matter,  to  the  decomposition  of  which,  with 
animal  matter  also,  we  mieht  look  for  some,  at  least,  of  the  carbonic 
arid  that  would  aid  the  solution  of  the  phosphate  of  lime.  As  in  the 
ease  of  the  carbonate  of  lime  previously  noticed,  when  the  solution  of 
this  phosphate  met  with  the  silicates  of  potash  or  soda,  whilst  perco- 
lating amid  the  rocks,  the  silicates  woula  be  decomposed  by  the  car- 
bonic add,  and  the  phosphate  of  lime  thrown  down.  We  should 
expect, — in  the  same  manner  as  carbonate  of  lime  often  rn>laces  the 
original  matter  of  a  shell  which  has  been  decomposed  ana  removed 
from  the  body  of  a  rock,  leaving  those  cavities  ccnnmonly  termed 
casts, — that  phosphate  of  lime,  m  localities  where  from  accidental 
circumstanoes  it  was  somewhat  abundandv  filtering  through  rocks, 
would  also  enter  these  and  any  other  cavities,  filling  them  under  the 
needful  conditions  of  deposit.  In  like  manner  as  we  find  carbonate  of 
time  sqmrating  itself  from  mud  and  silt  in  which  it  was  disseminated, 
forming  the  nodules  so  common  in  calcareo-argillaceous  deposits, 
should  we  also  expect  disseminated  phosphates  of  lime  to  ao  the 
SBue  under  fitting  conditions ;  so  that  it  would  not  necessarily  fol- 
low, however  true  in  numerous  cases,  that  nodules  containing  much 
pho^hate  of  lime  were  coprolitic.  We  can  readily  imagine  drcum- 
stanoes  very  favourable  for  ^e  solution  and  spread  of  these  phosphates 
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amid  layers  of  mud  and  silt.  We  find  such  phosphates  surrounding 
some  fossils^  such  as  crustaceans  from  the  Jjondon  clay,  leadug  ua  to 
infer  a  connexion  hetween  the  animal  matter  and  this  suhstance. 

We  had  a  note  from  Mr.  Farrer  on  Inglehorough  Cave,  accompa- 
nied hy  a  plan,  in  which  its  extension  in  the  Great  Scar  limestone 
heyond  an  old  harrier  of  stalagmite,  cut  through  in  September  18379 
is  shown.  The  length  thus  exhibited  is  considerable,  and  sand  and 
gravel  of  limestone  and  millstone  grit  are  mentioned  in  the  narrower 
parts  of  the  course  of  the  cave.  Basins  of  stalagmite  occur,  and  the 
accumulation  of  this  substance  is  inferred  to  have  forced  the  water 
flowing  in  the  cavity  into  a  new  channel.  The  detailed  study  of  caves 
in  limestone  countries  vnll  frequently  be  repaid,  independently  of  the 
discovery  of  any  remains  of  ammals  in  them,  by  much  information  as 
to  their  origin.  Sometimes  we  find  a  crack  or  joint  enlarged  bv  the 
removal  of  the  carbonate  of  lime  of  the  rock  by  means  of  free  carbonic 
acid  in  the  waters  flowing  into  them  from  the  surface ;  at  others  no 
fissure  or  joint  is  apparent,  and  the  loss  of  matter  carried  away  in  so- 
lution has  been  effected  in  the  space  between  two  beds,  or  by  the 
gradual  action  of  this  cause  from  either  fractures,  joints,  or  planes  bf 
bedding,  in  such  a  manner  that  the  connexion  between  the  hollows 
of  the  cave  and  these  fissures  through  which  water  can  find  its  way 
is  out  of  sight.  Limestone  regions,  as  you  are  well-aware,  from  the 
spaces  between  their  joints  and  beds,  which  get  gradually  enlarged, 
often  swallow  up  rains,  so  that  streams  in  them  are  few,  the  absorbed 
water  abundantly  bursting  out  at  some  level  beneath  where  the  phy- 
sical conditions  are  such  that  the  waters  can  no  longer  freely  descend 
dovmwards.  The  replacement  of  carbonate  of  brae  in  these  caves  by 
means  of  stalagmites  and  stalactites  is  another  matter  of  interest. 
These  may  be  so  continued  as  to  fill  up  the  greater  part  of  such 
cavities,  cementing  at  the  same  time  many  a  fallen  mass  of  limestone. 
So  long  as  the  fissures  were  replete  with  water  flowing  outwards  at 
some  convenient  level,  the  loss  of  limestone  would  continue,  supposing 
the  presence  of  the  needful  carbonic  acid ;  but  when  by  changes 
eflPectcd,  such  as  the  elevation  of  the  land  relatively  to  the  discharge 
of  drainage  waters,  the  level  preventing  the  escape  of  the  water  be- 
came lower,  and  the  atmosphere  could  enter  the  cave,  the  stalactites 
and  stalagmites  would  be  formed,  the  component  parts  of  which  en- 
tering slowly  into  the  cavity  would  have  been  readUy  removed  by  the 
water  when  it  filled  up  the  whole  space. 

Geological  Changes  from  Alteration  of  the  Earth's  Axis  of  Rotation, 
Respecting  a  possible  change  of  climate  resulting  from  a  change 
in  the  earth's  axis  of  rotation, — ^an  hypothesis  which  has  from  time 
to  time  engaged  attention  as  one  which  might  serve  to  account  for 
the  occurrence  of  organic  remains,  supposed  to  be  those  of  animals 
and  plants  requiring  a  higher  temperature  than  that  of  the  regions 
where  such  remains  are  found,  we  have  had  two  communications.  In 
one  from  Mr.  SauU,  he  calls  attention  to  the  undoubted  evidences'  of 
the  land  being  at  intervals  above  and  beneath  the  waters,  and  to 
changes  of  temperature  over  the  same  area.     These  efiects  he  attri- 
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bates  to  a  change  in  the  earth's  axis  of  rotation  arising  from  astro- 
nomical causes,  and  describes  the  results  which  would  follow  from 
such  conditions.  As  to  the  possibility  of  a  change  in  the  earth's 
axis  of  rotation,  we  had  a  paper  from  Sir  John  Lubbock,  in  which  he 
first  adyerts  to  the  rerolution  of  a  solid  body  on  its  principal  axis, 
and  its  continuing  to  do  so  for  erer,  unless  such  soUd  body  be  acted 
upon  b^  some  extraneous  force.  He  further  observes  that  on  this 
supposition  no  change  of  dimate  would  obtain  on  any  eiven  latitude 
on  the  earth's  surface  except  from  a  change  in  internal  temperature 
or  the  heat  of  the  sun. 

He  then  notices  that  a  change  of  climate  alone  is  not  sufficient  to 
account  for  geological  changes,  such  as  water  covering  a  part  of  the 
earth's  surface  at  one  time  and  not  at  another :  and  remarKs  that  the 
moon's  attraction  and  the  causes  which  produce  the  precession  of  the 
equinoxes  do  not  modify  these  conclusions. 

Sir  John  Lubbock  then  states,  that  "it  is  unlikely  that  when 
the  earth  was  first  set  spinning,  the  axis  of  rotation  should  exactly 
coincide  with  the  axis  of  figure,  unless  indeed  it  were  all  perfectly 
fluid."  He  subsequently  takes  a  period  not  so  remote,  when  the  earth, 
from  the  different  fusibiUty  of  its  component  parts,  might  have  been 
partly  solid  in  irr^ular  masses  and  partly  fluid,  and  afterwards  a  still 
more  advanced  state,  in  which  land  and  water  irregularly  occurred  on 
its  surface,  suited  to  the  existence  of  animal  life,  always  supposing 
the  axis  of  rotation  not  to  coincide  with  the  axis  of  figure.  If  any 
resistance  exists,  "  the  pole  of  the  axis  of  rotation  would  describe  a 
spiral  round  the  axis  of  figure,  until  finally  it  would  become,  as  at 
present,  identical  with  it."  Supposing  a  displacement  of  the  axis,  the 
movement  of  the  water  from  one  equator  to  another  and  the  conse- 
quent changes  of  climate  are  pointed  out.  Glancing  at  friction  on 
uie  surface  of  the  earth  rendering  the  invariability  of  geographical 
latitude,  otherwise  existing,  not  a  necessary  consequence,  at  our  igno- 
rance of  the  earth's  structure  beneath  its  crust,  and  of  the  history  of 
the  changes  effected  during  the  process  of  cooling.  Sir  John  considers 
that  ''the  utmost  that  can  be  accomplished  by  mathematics  is  to 
explain  under  what  hypothesis  a  change  of  the  position  of  the  axis  of 
rotation  is  possible  or  not."  Advertmg  to  the  dictum  of  Laplace, 
that  the  changes  on  the  earth's  surface  and  in  the  relative  positions 
of  land  and  water  cannot  be  accounted  for  by  a  change  in  the  posi- 
tion of  the  axis  of  rotation,  he  observes  that  in  this  statement  Laplace 
did  not  take  into  consideration  either  (1)  the  dislocation  of  the  strata 
by  cooline,  or  (2)  the  friction  of  the  surface.  Finally,  our  colleague,  < 
after  admitting  that  if  at  any  remote  period  the  earth  had  been  a  ho- 
mogeneous spneroid  of  any  pure  metal  in  a  state  of  fusion,  it  would 
in  cooling  always  revolve  about  the  principal  axis  of  rotation,  that  of 
figure,  considers  that  there  is  sufficient  evidence  of  want  of  homoge- 
neity on  the  earth's  surface  to  bring  a  change  of  axis  of  rotation  within 
the  limits  of  possibility. 

It  is  always  gratifying  to  find  mathematicians  so  far  interested  in 
our  science  as  to  occupy  themselves  with  the  solution  of  problems, 
which,  when  we  consiaer  their  important  bearing,  scarcely  seem  to 
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occupy  the  attention  they  would  i^pear  to  deeeire.  The  early  con- 
dition of  our  planet  is  one  of  these.  By  carefully  considering  the 
possible  and  probable  conditions  connected  with  that  state,  we  dismiss 
or  retain,  as  the  case  may  be,  much  that  is  of  great  importance  in 
theoretiod  geology.  Hence  the  value  of  such  communications  as 
this  before  us,  wherein  the  conditions  for  a  possible  change  in  the 
earth's  axis  are  considered.  As  you  are  famuiar  with  the  reasoninff 
founded  on  the  figure  of  the  eiurtn,  it  is  merely  necessary  to  remind 
you  of  its  bearing  upon  the  original  fluidity  of  our  planet,  a  fluidity 
which  there  has  been  a  difficulty  in  referring  to  any  other  cause  than 
to  a  heat  sufficient  to  keep  the  component  particles  asunder,  in  such 
a  manner  that  eyen  to  the  centre  of  the  mass  the  pressure  was  in- 
sufficient to  prevent  a  free  motion  of  the  particles  of  matter. 

Sir  John  Lubbock  would  appear  to  have  adopted  the  idea  of  a 
cooling  body,  but  referring  to  the  want  of  homogeneity  observed  among 
the  parts  of  the  earth  thrust  up  into  the  atmosphane,  and  known  to 
us,  he  calls  attention  to  the  eflects  which  might  follow  this  want  of  ho- 
mo^eity  in  our  globe.  It  hence  becomes  important  to  leam  the  yalne 
which  can  be  attributed  to  such  a  cause.  The  depth  to  which  we 
may  limit  that  portion  of  our  spheroid,  which  is  formed  of  such 
substances  as  we  find  composing  masses  of  rock  exposed  to  our  exami- 
nation, is  necessarily  very  difficult  to  fix.  The  highest  mountains, 
rising  even  in  the  wannest  r^ons  of  our  globe  so  hi  into  the  atmo- 
sphere as  to  feel  the  influences  of  the  low  temperature  surrounding 
our  planet,  however  vast  they  may  appear  to  us,  merely  give  a  few 
miles  of  thickness ;  and  when  we  fairly  estimate  the  real  depth  of  the 
various  ascertamed  accumulations  of  different  geological  ages,  we 
still  arrive  at  such  an  insignificant  portion  of  the  earth's  raoius,  as 
to  see  how  very  little  of  the  component  parts  of  its  mass  can  be 
known  to  us.  Still  we  are  bound  to  examme  the,  evidence  as  to  the 
difierences  which  may  exist  as  regards  homogeneity  in  the  rock 
masses.  Some  years  since  (fifteen),  having  occasion  to  estimate  the 
probable  specific  ^vity  of  fifty  miles  in  depth  of  the  earth's  crust  *, 
we  found,  from  direct  experiment  upon  such  rocks  as  appeared  im- 
portant, that  these  varied  from  249  (chalk)  to  303  (dialla^  rock 
from  the  Lizard,  Cornwall).  Upon  estimating  the  masses,  taking  the 
surface  into  consideration,  and  tnerefore  probably  giving  more  <Mer- 
ences  to  the  depth  supposed,  fifty  miles,  than  should  be  allowed,  the 
mean  specific  gravity  came  out  as  2*59,  higher  than  the  density  of 
2*5,  that  commonly  adopted,  and  yet  sufficiently  near  that  density  for 
the  purpose  intended. 

Laplace  estimated  the  mean  density  of  our  planet  as  1*55,  the 
solid  surface  being  considered  as  1,  hence  taking  the  interior  dmisity 
higher  than  that  of  the  external  parts.  We  see,  looking  at  such  nu- 
neral  substances  as  form  masses  of  rock,  that  they  are  ul  oxides,  but 
of  the  depth  to  which  these  oxides  may  descend  we  know  nothing. 
Unless  we  suppose  them  oxides  from  the  b^;inning,  that  is,  from 
the  time  the  matter  of  our  earth  may  have  been  gathered  together  as 
a  body  revolving  around  the  sun,  an  hypothesis  for  which  it  would 
*  Researches  in  Theoretical  Geology. 
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mear  diffietdt  to  find  much  resBon,  the  yarioos  metals,  such  as 
suicnim,  alnminnim,  ealdnm  and  the  rest,  became  oxides  from  coming 
in  contact  with  oxygen.  We  have  sufficient  oxygen  in  our  atmo- 
sphere, supporting  the  animal  and  yegetable  life  which  now  exists, 
ttid  which  probamy  also  during  a  long  lapse  of  geological  time  has 
existed  on  the  earth's  sur£ftce,  to  permit  the  assumption  that  in  an 
early  state  of  our  globe  oxygen  may  readily  have  been  &r  more 
abondant  among  the  gaseous  portion  of  the  matter  forming  our 
planet,  mcluding  its  atmosphere,  than  at  present,  when  animiu  and 
T^etable  life  is  adjusted  to  the  quantity  remaining. 

As  far  as  we  are  acquainted  with  the  substances  forming  our  globe, 
we  may  have  an  oxidized  solid  crust,  supporting  in  parts  a  compara- 
tirely  thin  and  irregularly-dii^posed  coyering  of  saline  water,  and 
aiTek^>ed  by  a  gaseous  covering,  the  interior  not  composed  of  oxides, 
but  more  or  less  homogeneous,  allowing  for  the  effects  of  any  heat 
which  may  be  supposed  to  remain  in  it,  and  for  the  densities  due  to 
the  grBYitadmi  towards  its  centre  of  all  the  particles  of  matter  of 
which  the  earth  is  composed. 

When  we  hare  to  consider  any  changes  in  the  earth's  axis  of 
rotation  due  to  the  absence  of  homogeneity  in  its  component  parts, 
we  have  also  to  regard  the  probability  c(t  this  want  of  homogeneity 
extending  to  a  depth  at  which  it  would  have  any  impredable  value. 
As  ftr  as  the  distribution  on  the  face  of  the  earth  of  me  igneous  rocks 
is  known  to  us, — ^rocks  whence,  with  the  exoepdon  chiefly  of  lime- 
stone deposits  (many  of  whidi  have  been  accumulated  by  means  of 
animal  life),  so  many  others  have  been  formed, — we  do  not  find  any 
accumulation  of  masses  of  very  different  density  in  one  part  more 
than  another,  so  as  to  have  produced  very  marked  differences  in 
density  on  at  least  the  surfiiee  of  our  spheroid.  On  the  contrary, 
we  find  the  probable  distribution  of  granite  and  granitic  rocks  with 
ibe  same  density,  very  uniform  in  various  parts  of  the  earth's  surface, 
and  their  abrasion  has  furnished  abundant  materials  for  other  rocks. 
The  like  happens  with  the  heavier  compounds  of  homblendic  and 
felspadiic  substances,  and  the  strata  derived  from  them.  Masses  of 
limestcme  are  indeed  here  and  there  more  irr^;ularly  distributed, 
but  as  the  limestones  do  not  much  differ  from  the  eranites  in  specific 
gravity,  no  great  effects  would  follow  their  unequal  distribution,  more 
particulariy  when  we  take  into  consideration  the  small  depth  to  which 
they  woula  probably  descend  in  the  earth's  crust. 

We  have  also  to  regard  the  effects  arising  from  the  dislocation  of 
the  strata,  as  noticed  by  Sir  John  Lubbock.  There  are  few  geolo- 
gists who  are  not  now  prepared  to  admit  that  the  surflEu^  of  the 
earth,  since  we  may  assume  any  solidity  in  that  surfiM»,  has  been  in 
an  unquiet  state,  some  large  areas  moving  upwards,  some  downwards, 
and  these  movements  sometimes  repeated  in  the  same  area :  deposits 
enured  and  folded  against  each  other  here  and  there  in  long  lines, 
so  that  parts  of  them  are  thrust  high  up  above  the  level  of  the  sea, 
while  masses  of  accumulations  are  forced  asunder  in  other  situations, 
and  minend  matter  rused  from  beneath  occupies  parts  of  the  area 
over  which  they  previously  spread.     Up  to  the  present  time  mineral 
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matter  is  here  and  there  vomited  forth  in  Aision,  or  blown  out  of 
Tents  by  the  discharge  of  vapours  and  gases,  and  large  tracts  of 
the  solid  surface  of  me  earth  are  violently  shaken,  and  portions  of 
land  raised  or  depressed.    We  also  know  that  at  the  present,  slow 
changes  in  the  relative  levels  of  sea  and  land  are  bemg  effected. 
Thus  from  our  own  experience  and  from  the  study  of  what    has 
formerly  happened,  we  find  that  the  surface  of  our  planet  is  and  has 
been,  during  the  lapse  of  such  geological  time  as  we  can  trace,  in  an 
unquiet  state.     We  of  course  know  nothing  of  the  height  to  which 
the  crushing  or  elevating  of  rocks  into  mountain-chains  may  have 
forced  mineral  accumulations,  though  we  may  oflen  infer  that  veiy 
great  heights  are  but  the  remains  of  rocks,  the  removed  portions  oi 
which  rose  still  further  into  the  atmosphere ;  but,  taking  the  Hima- 
layan chain  as  the  highest  land,  we  have*  nothing  rising  six  miles 
above  the  sea-level.     If  we  increase  this  height  to  ten  miles,  we  should 
still  have  an  insignificant  fraction  of  the  earth's  radius. 

The  researches  of  Mr.  Hopkins  lead  him  to  infer  that  at  present 
the  soUd  crust  of  the  e^urth  cannot  be  less  than  800  to  1000  miles 
thick.  Supposing  this  to  be  so,  the  hvpothesis  of  a  cooling  globe 
would  eive  a  less  thickness  in  past  geological  times,  one  gradually 
diminishing  to  the  early  period  when  soHd  matter  could  be  first 
formed.  I  need  scarcely  call  your  attention  to  the  view  which  has 
been  taken  of  the  fordng-up  of  mountain-chains,  and  the  unequal 
tilting  and  adjustment  of  masses  of  the  surface  to  accommodate  the 
crust  to  the  still  fluid  mass  beneath,  as  cooling  proceeded.  Neither 
need  I  speak  of  the  effects  which  would  follow  from  the  action  of  the 
heated  and  still  fluid  mass  upon  the  portions  of  the  fragments  which 
may  have  descended  different  depths  iuto  its  surface,  or  of  the  intru- 
sion of  the  molten  mdtter  amid  the  broken  masses;  we  have  only  to 
inquire  how  far  these  breakings-up  and  squeezings  of  the  previously 
solid  crust  at  different  times  is  Incely  to  have  interfered  materially 
with  its  ^neral  uniformity,  so  that  any  important  change  in  the 
earth's  axis,  with  its  geological  consequences,  may  have  resulted. 

As  regards  the  mineral  matter  thrust  up  into  the  atmosphere,  we 
see  that,  as  soon  as  this  is  effected,  it  is  attacked  along  the  sea-level 
by  the  breakers,  and  both  on  coasts  and  inland  by  atmospheric  in- 
fluences, all  tending  to  lower  the  altitude  of  the  mass  so  elevated, 
and  to  carry  its  component  parts  into  the  sea,  filling  up  any  inequahties 
which  may  have  been  formed  beneath  it,  in  consequence  of  this 
surface-movement  of  the  rocks.  It  is  during  this  removal  of  mineral 
matter  and  its  spread  in  various  directions,  that  the  remains  of  the 
animal  and  vegetable  life  of  succeeding  geological  times  become 
entombed,  adding,  and  in  many  instances  most  materially,  to  the 
masses  accumulated  in  various  ways  upon  the  previously  moved  rocks. 
This  action  therefore  tends  to  plane  down  the  unequal  surface  above 
the  sea  and  fill  up  inequahties  in  its  bed.  While  this  proceeded, 
we  should  expect  that  the  heated  matter  beneath  would  aLso  melt 
down  any  portions  of  the  soHd  masses,  squeezed  and  forced  into  it 
by  these  movements,  to  a  distance  from  the  surface  corresponding 
with  the  general  heat  of  the  globe  at  the  time,  and  therefore  the 


Digitized  by  VjOOQIC 


ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  Ixxxix 

deeper  as  geological  time  advaBced  and  the  earth  gradually  parted 
with  its  heat  by  radiation  into  surrounding  space. 

Under  this  view  there  would  be  a  tendency  over  the  face  of  the 
globe  to  retain  a  general  crust  upon  it  of  a  thickness  increasing  with 
the  lapse  of  geological  time,  less  uneven  beneath  as  a  whole  than 
above  ^m  the  kind  of  action  to  which  it  would  be  subjected,  and 
^et  no  part  protruding  so  far  as  to  cause  any  very  maten^  difference 
m  the  figure  of  the  earth  or  of  density  in  the  parts  of  such  crust, 
vie¥m[ig  the  subject  on  the  large  scale.  It  would  not  appear  im- 
probable, that  notwithstanding  the  dislocation,  unequal  toting,  and 
squeezing  together  of  masses,  the  adjustments  were  such  as  to  keep 
a  spheroidal  coating  of  the  mass  beneath  which  did  not  very  mate- 
rially differ  as  a  whole  in  density.  Should  this  not  have  been  so,  we 
have  in  our  geological  Inrpotheses  to  take  into  account  the  effects 
pointed  out  by  Sir  John  Lubbock  as  resulting  from  the  modification 
or  absence  of  the  general  conditions  above  inferred,  their  amount 
or  geological  value  necessarily  depending  upon  the  magnitude  of  the 
causes  to  which  he  adverts. 

Such  have  been  the  labours  of  our  Society  during  the  past  year. 
They  embrace  most  varied  subjects,  all  tending  to  the  advance  of  our 
science,  and  certainly  showing  no  decrease  in  the  zeal  of  our  members 
or  in  the  importance  of  the  matter  brought  before  us.  The  discus- 
sions which  have  arisen  upon  the  communications  have  been  cha- 
racterized by  the  same  kind  feeling  and  love  of  truth,  for  its  own 
sake,  as  heretofore,  and  we  may  congratulate  ourselves  with  the  cer- 
tainty that  the  energies  of  our  body  are  unimpaired,  that  the  feeling 
of  brotherhood  is  as  strong  among  us  as  ever,  and  that  the  Society 
never  was  in  a  more  efficient  condition  for  the  promotion  of  the  branch 
of  knowledge  we  cultivate  than  at  this  our  forty-first  anniversary. 

Other  Geological  Societies  of  the  United  Kingdom. 

While  we  have  been  thus  engaged,  the  other  geological  societies  of 
our  country  have  also  been  occupied  with  their  duties  during  the  past 
year. 

The  Geological  Society  of  Dublin  has  continued  to  aid  the  pro- 
cess of  geology,  though  its  meetings,  now  held  at  Trinity  College, 
Dublin,  were  suspended  in  May  and  June,  from  the  occupation,  in 
part,  of  that  college  by  troops  in  consequence  of  the  disturbed  state 
of  Dubhn  at  that  time.  There  were  two  communications  from  Mr. 
Mallet.  The  first  on  molecular  changes  observed  in  the  structure  of 
recent  shells.  He  found  that  in  some  recent  oyster-shells,  imbedded 
at  about  tide-level  in  red  and  grev  marl  cliffs,  occurring  on  the  north 
of  Belfast  Lough  and  eastward  of  Carrickfergus,  the  cavities  between 
the  nacreous  plates  were  in  progress  of  being  filled  up  by  calcareous 
spar,  in  rhombs,  whose  minor  axes  were  perpendicular,  or  nearly  so, 
to  the  plates  of  the  shell.  When  this  fiUmg-up  had  been  nearly  per- 
fected, the  whole  substance  of  the  shell  had  undergone  a  change  of 
molecular  structure,  and  in  place  of  the  parallel  plates  presenting  the 
usual  character  under  the  microscope  they  were  obliterated,  and  the 
whole  substance  of  the  shell  had  assumed  the  crystalline  form  of  cal- 
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careoos  spar^  with  the  axes  of  the  rhombs  perpendicalar  to  the  onginal 
plates  of  the  shell.  Thus,  Mr.  Mallet  oonnders,  a  mokcnlar  indne- 
tion  of  crystalline  form  appears  to  hare  been  propagated  from  the 
primary  nuclei  of  crystals  deposited  in  the  original  carities  of  the 
shell,  such  that  all  the  calcareous  particles  of  the  latter  took  a  new 
arrangement  in  obedience  to  the  form  and  position  of  these  primary 
rhombs.  He  infers  a  change  without  solution,  and  therefore  that  tlie 
fact  observed  belongs  to  a  class  that  might  be  much  extended  with 
yaluable  results.  He  remarks  that  belemnites  in  calcareous  strata 
always  assume  the  form  of  arraeonite  and  not  of  calcareous  spar. 

The  second  paper  by  Mr.  MaUet  was  on  the  adoption  of  an  uniform 
principle  of  making  geological  sections.  He  proposes  that  all  eeolo- 
ncal  sections  should  be  made  in  north  and  south  and  in  east  and  west 
directions.  He  showed  by  a  map  of  parallel  sections  of  an  imaginary 
country,  so  laid  down  on  the  same  sheet  at  equal  distances,  that  a 
complete  picture  of  the  interior  of  the  country  may  be  produced, 
and  that  m>m  such  a  set  of  parallel  sections,  at  right  angles  and 
equidistant,  other  sections  at  any  required  angle  between  north  and 
south  and  east  and  west  mtnr  be  cleriyed  and  laid  down  by  well-known 
mathematical  methods.  He  considers  that  if  this  system  were 
adopted  it  would  give  uniformity  and  mathematical  precision  to  all 
future  sections,  as  from  them,  wimout  limit,  any  other  sections  might 
be  derired.  Mr.  Mallet  remarks,  that  as  our  globe  has  all  its  great 
forces  in  connexion  with  Unes  of  symmetry  on  its  surface,  t.  e,  north 
and  south  or  east  and  west,  there  is  reason  to  desire  that  our  geolo- 
gical sections  should  also  be  in  lines  of  symmetry,  as  at  some  distant 
time  they  must  connect  themselves  with  the  great  cosmical  forces 
concerned  both  with  the  apparent  unsymmetncal  confusion  of  the 
surface,  and  with  the  real  order  of  forces  ever  acting  within  and  uprni 
our  globe. 

Mr.  M'Adam  communicated  a  notice  of  the  cuttings  of  the  Belfast 
and  Ballymene  Railway,  describing  the  appearance  of  the  trappean 
rocks  and  of  the  drift  cut  through. 

The  other  papers  were  from  officers  of  the  Geological  Surrey. 
Professor  Oldham,  the  president  of  the  Geological  Society  of  Dublin, 
described  in  detail  and  exhibited  a  map  of  the  area  covered  by  drift 
in  the  county  Wicklow.  He  also  exhibited  and  described  the  mi^ 
and  sections  of  the  same  county  lately  published  by  the  Survey,  and 
Professor  Edward  Forbes  gave  a  detailed  notice  of  certain  fossils, 
apparently  the  oldest  that  we  are  yet  acquainted  with,  to  which  he 
assigned  the  name  of  Oldhamia,  having  been  first  observed  by  Pro- 
fessor  Oldham,  near  Bray,  in  1844.  Professor  E.  Forbes  also  com- 
municated to  the  Society  an  account  of  the  researches  of  the  Survey 
into  the  Silurian  fossils  of  Ireland,  especially  those  of  Portrane,  and 
Mr,  Du  Noyer  read  a  paper  descriptive  of  the  mode  of  occurrence  of 
certain  interesting  dykes,  so  well  e^roosed  by  the  railway  cuttings  of 
the  Belfast  Junction  Railway,  near  Dundalk. 

The  Geological  Society  of  Cornwall  has  continued  to  advance. 
Mr.  Pattison  communicated  "  A  brief  description  of  the  coast  of 
Cornwall  between  the  Padstow  River  and  Perran  Sands,'*  in  which 
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he  notices  the  fosnlifenms  beds  of  Diiias  Core,  containing  T\irbiMO- 
Icpns  eeliica  and  Encrinites,  and  of  Pennizen  Ba^,  in  which  TurH- 
molopns  celtieoy  and  another  coral,  Crinoidea,  Spirifera,  and  Ortko- 
eeras  ImdeKse  (common)  are  found.  He  fxurther  mentions  the 
greenstone  and  associated  rocks  of  Trerose  Head ;  the  fossiliferous 
beds  of  Bodruthan  Steps,  where  among  other  remains  those  of  a  trilo- 
bite  are  discoTered;  the  qoartsose  rocks  of  St.  £yal  cli£&;  the  diflcoTerr 
cf  a  Spirifer  near  Trevarrian;  the  variegated  slates, cut  bv  a  great  nortn 
and  south  elvan,  of  Watergate  Bay,  these  variegated  beds  resting  upon 
the  ereenish  and  brown  slate,  yrith  limestones,  of  St.  Columb  Forth, 
in  louch  Mr.-Pattison  found  Turbinolopsis  and  another  coral,  pro- 
bablv  Favosites,  Crinoidea,  Spirifera  (S.  disjuneta  and  another), 
OrtAoceras  ludense,  a  Goniatite  and  a  Caljmene.  He  states  that, 
nearing  New  Quay,  a  hard  blue  calcareous  rock  contained  Favosites, 
Orthis  or  Terebra^ula,  and  numerous  remains  of  Encrinites.  In  the 
fine  raised  beach  at  New  Quay  Mr.  Pattison  detected  the  remains  of 
shells,  determined  by  Mr.  Qouch  as  those  of  Modiola  mdgaris^  Cy- 
iherta  ekiane,  and  of  a  Patella  and  Ostrea,  all  molluscs  now  living  in 
the  adjoining  sea.  Crinoidea  were  found  in  the  brown  sandstcoies 
and  slates  of  East  Pentire  Point. 

In  a  notice  of  the  trap  veins  and  limestone  rocks  of  Towan  Head, 
St.  O^umb  Minor,  Mr.  Tweedy  describes  and  gives  a  map  of  that 
interesting  point  of  land,  where  fossiliferous  argillaceous  slate  and 
calcareous  beds,  one  worked  for  limestone,  are  traversed  by  numerous 
veins  of  trappean  rocks.  He  notices  nine  or  ten  of  these  vans  as 
occurring  in  one  locality  within  a  distance  of  fifty  feet,  the  igneous 
rock  of  some  dykes  being  vesicular. 

Mr.  Peach  has  again  added  to  his  lists  of  Cornish  fossils  in  a  paper 
"On  the  FossiUfmtms  Strata  of  part  of  the  South-east  coast  of  Com- 
waU.*'  He  mentions  additional  specimens  of  Onchus,  supposed  to  be 
O.  Murehiwniy  from  Lantivet  Bay,  as  also  a  portion  of  an  Astero- 
lepis.  He  traces  the  fish-beds  from  near  Pencarra  Point,  by  Trega- 
brown  Hill,  with  strata  termed  Belierophon-^cU,  across  Fowey  ELstr- 
bour.  Quartaose  strata  and  claret-coloured  slates  accompany  these 
beds.  Detailed  accounts  are  given  of  the  localities  in  which  the  fi^ 
remaffis  have  been  discovered.  Hard  rocks,  intermingled  with  soft 
red  sandstones,  some  brown  beds  and  thin  layers  of  impure  limestone, 
run  from  Lantick  Bay  across  to  White  Horse  Ferry,  and  contain 
corals,  crinoidea,  orthoceratites,  law  shells  and  tnlobites,  the  latter 
rare.  In  the  slaty  beds,  seaward  from  Black  Bottle,  Lantick  Bay, 
large  corals  are  detected,  and  in  thin  seams  of  impure  limestones  cri- 
noidea, large  Turbinolopsides  and  shells  are  abundant.  A  fine  speci- 
mm  of  a  tnlobite  is  described  and  figured,  from  Punch's  Cross.  Mr. 
Peadi  mentions  the  surfiu^markings,  commonly  termed  ripple- 
marks,  of  some  localities,  and  thinks  that  the  marks  upon  one  bed- 
surface,  from  Highgate  quarry,  St.  Veep,  may  have  been  due  to  the 
effects  of  rain,  as  has  been  supposed  the  case  with  certain  surface- 
markings  in  the  new  red  sandstone  of  Lancashire. 

In  a  paper  "  On  an  insulated  patch  of  Devonian  strata  in  the  parish 
of  St.  Stephen*s  by  Launceston,  Cornwall,"  Mr.  Pattison  describes 
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certain  beds  apparently  intermingled  with  the  carboniferoos  rocks  of 
the  district.  He  notices  "  dark  slates  and  limestones,  with  traces  of 
plants,  goniatites  and  other  remains  analogous  to  mountain  limestone 
fossils,"  as  forming  the  beds  on  the  south,  on  which  certain  hard 
sandstones  and  shales  repose.  Beyond  the  latter,  northward,  instead 
of  the  common  carboniferous  rocks  of  the  district,  beds  of  flagstone, 
a  thin-bedded  slate  and  a  calcareous  rock  come  in.  These  are  suc- 
ceeded on  the  north  by  coarse  gritty  rocks,  interstratified  with  shells 
of  the  coal-measure  series.  The  flagstones  are  worked  at  Yeolm- 
bric^,  Werrington  Park.  Fossils  in  the  quarry  are  rare,  and  consist 
of  Turbinolopsis  celtica,  Sanguinolaria  elliptica  and  Selleropktm 
hiulcus ;  but  in  an  old  quarry  in  the  range  of  the  same  beds,  near 
Underwood  farm,  about  a  mile  distant,  organic  remains  are  more 
numerous.  Mr.  Pattison  there  found  Turbinolopsis  celtica,  Amplexut 
tortuo9U9y  Crinoidea,  Sanguinolaria  elliptica^  Avicula,  Orthis,  Acro- 
culia  ?,  Orthoceras,  Goniatites  ?,  Clymenia  ?,  Bellerophon  hiulcus  and 
Phacops  Latreillii, 

The  Rev.  D.  Williams  communicated  a  paper  "On  the  several 
Volcanic  interferences  which  alternate  and  are  concurrent  with,  and 
eventually  supersede,  the  Old  Red  Sandstone  of  the  British  Isles.'*  Jo 
it  he  considers  that  there  have  been  three  protracted  periods  of  vol- 
canic interferences  during  the  accumulation  of  the  old  red  sandstone 
of  this  country. 

Mr.  Richard  Edmonds  noticed  his  further  success  in  finding  the 
abundant  remains  of  Helix  pulchella  beneath  the  sand-hillocks  on  the 
coast  of  Cornwall,  a  fact  of  interest,  he  observes,  inasmuch  as  the 
author  of  the  Cornish  Fauna  has  remarked  that  if  the  remains  of 
these  land  shells  be  of  frequent  occurrence  in  such  situations,  ''we 
must  come  to  the  conclusion  that  they  were  once  abundant  in  Corn- 
wall, but  are  now  gradually  becoming  extinct  in  this  locality."     As 
bearing  upon  this  point,  Mr.  Edmonds  eives  the  foUowing  list  of  land 
shells  found  beneath  the  surface  of  the  Phillack  Towans  (Sand-hills), 
with  the  exception  of  Zonites  pygmaus,  taken  from  Whitesand  Bay 
Towans.     Those  marked  with  an  asterisk  are  not  now  found  living 
within  ten  miles  of  Penzance : — Bulimus  acutus,  B,  obscurus,  Cory- 
chium  minimum,  Clausilia  biplicata,  Conovulus  bidentatus,  C.  denii- 
culatue,  Helix  aapersa,  H.  caperata,  H,  ericetorumj  H.fulva*,  H. 
Jusca,  H.  hortensiSy  H.  nemoralis,  H.  pulchella,  H,  virgata.  Pupa 
Anglica,  P.  marginata*,  P.  umbiUcata,  Vertigo  edentula,   F,  pa- 
Ittstris*,  F,  pygmaa*,  Fitrina  pellueida,  Zonites  alUarius,  Z,  eel- 
larius,  Z,  nitidulus,  Z,  pygmaeus*,  and  Z,  rotundatus.     It  may  be 
needful  to  observe  that  Phillack  Towans  are  seven  miles  from  Pen- 
zance, and  that  though  now  receiving  additions,  the  mass  of  them 
belongs  to  a  relative  level  of  sea  and  Und  on  the  Cornish  coasts  dif- 
ferent from  the  present,  the  north-western  pari  having  been  formed 
at  the  period  anterior  to  the  raising  of  so  many  beaches  on  this  coast. 
Indeed  these  Towans  constituted  the  contemporaneous  continuation 
of  those  beaches,  being  composed  of  the  sand  drifted  by  the  winds 
from  the  shores  then  existing. 

Mr.  John  Garby  presented  to  the  Society  a  very  valuable  catalogue 
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of  Uie  minends  found  in  Corowall,  with  their  localities.  In  this  he 
enumerates  no  less  than  1 59  mineral  substances  as  discovered  in  that 
eoonty,  one  furnishing  such  exceUent  opportunities  for  the  study  of 
the  mode  of  occurrence  of  numerous  mmerals.  For  facihtating  that 
study  the  catalogue  of  Mr.  Grarby  cannot  fail  to  be  of  very  great  ser- 
vice. 

Mr.  Henwood  communicated  a  Description  of  the  Brazilian  method 
of  Washing  (dressing)  Gold,  and  Mr.  William  Vivian,  a  practical 
miner,  a  paper  on  the  Formation  and  Direction  of  Mineral  Veins. 

The  Geological  Society  of  Manchester  had  the  following  commu- 
nicatioiis  made  to  it : — "  Notes  on  a  section  from  Parkgate  to  Bux- 
ton," by  Mr.  Ormerod ;  "  A  Catalogue  of  Greological  Specimens  from 
Van  Diemen*s  Land,  with  some  observations  on  them,"  by  Mr. 
Moore ;  **  A  short  account  of  the  Geology  and  Natural  History  of 
the  Orange  River,  South  Africa,"  by  Captain  Miller ;  ''An  account 
of  Excursions  in  Van  Diemen's  Land,  and  notices  of  its  Geology," 
by  Mr.  Moore ;  **  An  account  of  the  Island  of  Labuan,  East  Indies," 
\pf  Mr.  BcUot;  "An  account  of  the  Coal  District  of  Tyrone,"  by 
Mr.  Griffith;  and  ''Notes  on  the  Coal  Districts  of  Munster  and 
Tyrone,"  by  Mr.  Ehas  HaU. 

PALiEONTOLOGICAL  SoCIETY. 

This  Society,  which  we  may  consider  as  one  very  intimately  con- 
nected with  our  own,  has  contmued  to  advance  steadily  and  prosper- 
ously. Its  members  are  now  increased  to  728, — a  large  number 
when  we  consider  that  the  Society  was  only  founded  in  March  1847. 
The  Monograph  of  the  Univalves  in  the  Tertiary  deposit,  named  the 
Crag,  by  Mr.  Searles  Wood,  has  been  published,  and  the  Descrip- 
tions of  the  Reptiles  of  the  London  Clay,  by  Professors  Owen  and 
Bell,  is  in  a  forward  state.  The  Society  has  been  most  fortunate  in 
havine  induced  Professor  Owen  to  publish  his  great  work  on  the 
British  Fossil  Reptiles  through  it.  A  work  of  Uiis  magnitude  and 
chaiacter  cannot  fail  firmly  to  establish  the  Palseontological  Society 
in  the  good  opinion  of  the  scientific  pubUc.  The  Monograph  of  the 
Fossils  of  our  Magnesian  Limestone,  by  Mr.  King,  is  far  advanced, 
as  also  the  Cephalopoda  of  the  London  Clay,  by  Mr.  Edwards.  The 
Bivalve  Shells  of  the  Crag,  by  Mr.  Searles  Wood,  will  be  ready  in 
1850. 

Geological  Survey  of  the  United  Kingdom. 

Some  of  the  results  of  this  Survey  have  been  communicated  to  our 
Society  by  Professors  Ramsay  and  Edward  Forbes,  and  by  Messrs. 
Beete  Jukes,  Selwyn,  Aveline  and  Salter,  in  their  papers  and  notes 
read  before  us,  and  previously  noticed,  the  officers  of  the  Survey  thus 
endeavouring  to  assist  in  the  general  progress  of  this  Society.  Not- 
withstanding that  the  wet  character  of  me  past  summer  was  by  no 
means  favourable  to  field  investigations,  more  particularly  in  moun- 
tatnous  districts,  much  progress  has  been  made  in  this  branch  of  the 
public  service.  The  complicated  district  of  North  Wales  has  now 
Men  io  fiir  examined  that  its  completion  may  be  expected  during  the 
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present  year.  The  Tarioiis  overlaps  of  the  different  aocmmikitioiis, 
the  modifications  of  the  conditions  under  which  they  have  been 
formed,  the  intermingling  of  igneous  products,  the  great  thickness  of 
the  deposits,  and  the  distribution  of  the  remains  of  life  entombed  in 
them,  render  this  region  one  of  great  interest,  and  well-wortl^  the 
searching  investigation  that  it  has  undergone.  The  maps  of  Cardi- 
ganshire and  Montgomeryshire,  including  the  mineral  veins  of  those 
counties,  have  been  pubushed  during  the  year,  and  maps  of  other 
portions  of  North  Wales  are  now  in  the  hands  ci  the  engraver. 
Dorsetshire  is  nearly  completed,  and  much  information  will  be  found 
in  the  map  of  that  district,  not  only  as  respects  the  range  and  mode 
of  occurrence  of  the  oolitic  and  cretaceous  series,  but  al^  as  regards 
the  fractures  or  faults  by  which  it  is  traversed,  and  which  have  beoi 
surveyed  in  great  detail.  The  examination  of  the  tertiMT  deposits  of 
Dorsetshire  and  Hampshire  has  also  far  advanced.  Derbyshire  is 
approaching  to  completion,  and  much  progress  made  in  the  coal  di- 
strict of  Staffordshire* 

The  map  of  the  county  ^cklow  has  been  published,  and  with  it 
sections,  on  the  usual  scale  of  six  inches  to  the  mile  for  both  hei^t 
and  distance,  which  exhibit  the  mode  of  occurrence  of  the  various 
rocks  of  that  district.     The  sections  more  particularly  exhibit  the 
manner  in  which  masses  of  pre-existing  deposits  (Silurian  and  Cam- 
brian) have  been  hoisted  up  upon  the  gramte  of  the  great  range  of 
that  rock  extending  through  the  county  Wicklow  by  the  counties 
of  Carlow  and  Wexford  to  the  southward.     The  general  curve  of  the 
uprise  is  well  seen  in  these  sections,  with  portions  of  the  uplifted  and 
altered  sedimentary  rocks  still  sticking  upon  the  granite,  shovnng  that 
the  movement  was  effected  posterior  to  the  deposit  of  the  Silurian 
rocks  of  the  counties  Wicklow  and  Wexford,  and  anterior  to  the  de- 
posit of  the  mountain  fimestone.   Indeed,  more  to  the  southward  it  is 
found  that  the  uprise  of  the  gramte  was  anterior  to  the  deposit  of  the 
old  red  sandstone,  since  the  latter  contains  pebbles  and  smaller  de- 
tritus of  the  granite  upon  which  it  is  seen  quietly  to  repose.  The  manner 
in  which  the  mountain  limestone  overlaps  the  old  red  sandstone,  and 
reposes  directly  upon  the  granite,  near  Carlow,  is  shown  in  one  of  the 
sections  above  mentioned.    The  sections  also  exhibit  the  distaoices  to 
which  the  sedimentary  deposits  have  been  altered  or  metamorphosed 
in  conseouence  of  the  intrusion  of  the  granite  amid  them.     A  large 
plan  of  the  mining  district  of  the  Ovoca  has  also  been  published,  and 
the  maps  of  the  counties  of  Carlow  and  Kildare  will  shortly  i^pear. 
Portions  of  the  Queen's  county  and  county  Kilkenny  are  comj^eted, 
and  the  counties  of  Dublin  and  Wexford  are  in  progress. 

Museum  of  Practical  Geology,  London. 

The  donations  to  this  establishment  have  been,  as  heretofore,  both 
abundant  and  valuable.  Great  additions  have  been  made  to  the  col- 
lections illustrative  of  the  applications  of  geology  to  the  useful  pur- 
poses of  life,  and  of  the  mineral  wealth  of  our  country ;  and  it  should 
oe  borne  in  mind  with  respect  to  such  establishments,  that  the  appli- 
cations of  science  by  advancing  civilization  at  the  same  time  increase 
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the  Ofpportunitj  of  extending  and  advancing  science  itself.  Thus  the 
one  tada  the  other,  and  both  combined  promote  the  general  progress 
of  numkind,  as  witness  our  railways,  electrical  telegraphs  and  steam 
naWgatioii. 

As  connected  with  the  objects  of  this  Sodetv,  it  may  be  mentioned 
that  the  investigation  at  the  Museum  for  the  Admiralty  of  the  coals 
b«t  suited  to  our  steam  navy  has  made  great  progress,  that  one  report 
oo  this  subject  has  been  presented  to  Parliament  and  has  been  printed, 
and  that  a  second  report  will  soon  appear.  The  waters  of  many  of 
our  streams  and  springs  are  under  examination  for  the  Board  of 
Health.  The  chemical  composition  of  fossil  remains  of  different  ages 
is  under  investigation,  and  already,  as  has  been  above  mentioned, 
ihdls  from  the  Sflurian  rocks  have  been  found  to  retain  animal 
matter.  The  new  house  for  the  Museum  in  Jermvn  Street  is  now 
nearly  completed ;  when  finished,  the  cdlections  of  the  Geological 
Survey,  illustrative  of  the  geology  of  our  country,  including  its  organic 
remains,  and  of  our  mineral  wealth  and  its  applications,  will  be  there 
exhibited  gratuitously  to  the  public,  as  those  collections  which  ihe 
limited  space  in  the  present  provisional  museum  will  permit  being 
shofwn  now  are  daily,  and  have  been  for  several  years  past, — a  gratui- 
tous admission  whidi  has  been  marked  by  very  slight  damage,  and 
that  not  chargeable  upon  the  working  classes. 

A  second  volume,  in  two  parts,  of  the  Memoirs  of  the  Greoloffical 
Survey  of  Great  Britain  and  of  the  Museum  of  Practical  Geology 
has  been  published  during  the  past  year,  and  illustrations  of  British 
Fossils  wm  shortly  i^pear  in  connection  with  the  publications  of  the 
Survey,  each  decade  consisting  of  the  same  kind  of  fossils.  The  first 
decade  will  be  devoted  to  fossil  Star-fishes  and  Echinites,  and  the 
second  to  Trilobites. 

Geological  Society  of  France. 

The  communication  to  this  Society  which  succeeded  those  we 
had  an  opportunity  of  noticing  in  the  Address  for  the  last  year, 
was  from  M.  FrapoDi  on  facts  illustrative  of  the  deposits  of  gyp- 
sum, dolomite  and  rock-salt.  He  first  mentions  the  gypseous  deposits 
of  the  country  surrounding  the  Hartz,  found  in  Si  the  secondary 
rodcs,  either  in  small  isolated  patches,  as  is  generally  the  case  in  the 
Subhercynian  Gulf,  or  in  great  deposits,  as  in  Thuringia,  where  it 
appears  on  the  limits  of  the  musehelkalk  and  keuper,  ranging  like  a 
mat  abrupt  crescent-formed  wall  on  the  southern  side  of  the  Hartz. 
This  gypsum  is  always  stratified,  the  beds  being  parallel  with  those 
of  the  rocks  amid  wluch  it  is  found,  such  as  zedistein,  ahs  bigarr^ 
musehelkalk,  vari^ated  marls  and  chalk.  A  peculiar  mmeral  aspect 
is  stated  to  characterise  the  gypsum  of  each  of  these  deposits.  M. 
FrapoUi  considers  certain  of  these  gypsums,  those  of  the  musehel- 
kalk, trias.  Jura  rocks  and  chalk,  to  have  been  of  metamorphic 
origin,  and  that  the  sulphates  of  lime  were  originally  carbonates 
ai  lime,  the  metanuNrphisin  having  been  effected  in  the  dry  way  (la 
wne  9^he)i  gaseous  emanations  having  reached  them  from  beneath. 
On  this  h«id  he  quotes  a  conversation  with  Berzelius,  whose  loss  to 
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our  body  we  have  this  day  had  to  record,  who  said,  '*  Give  me  a  sub- 
stance containing  sulphur, — admit  the  presence  of  the  vapours  of  sul- 
phur, or  sulphurous  or  sulph-hydrous  vapours, — ^let  limestone  be  also 
present,  and  water  on  the  surface  or  in  the  atmosphere,  and  we  shall 
readily  have  gypsum."  M.  FrapoQi  adopts  sulphurous  add  as  the 
principal  agent  of  gypsijication,  and  supposes  that,  evolved  from  be- 
neath, it  acted  on  the  edges  of  recently  fractured  beds  of  limestone, 
replacing  the  carbonic  acid  of  the  latter,  the  sulphurous  being  con- 
verted into  sulphuric  acid  under  such  a  pressure  that  a  portion  of  the 
oxygen  of  the  carbonic  was  appropriated  by  the  sulphurous  acid,  the 
remainder  escaping  as  oxide  of  carbon. 

The  gypsum  of  the  zechstein,  re^arly  interstratified  in  lenticular 
masses  with  limestones  and  dolomite,  is  not  thought  to  have  been 
formed  in  the  manner  above  noticed,  but  by  the  wet  way  (la  vote 
hutnide),  sulphurous  acid  gas  being  evolved  through  cracks  at  the 
bottom  of  the  sea,  which,  forming  gypsum  with  the  lime  it  found, 
stopped  up  these  cracks,  others  being  however  produced  from  time  to 
time  by  new  movements  in  the  earth's  crust,  so  that  alternations  of 
gypsum  and  limestone  were  effected.  In  like  manner  the  dolomidc 
rocks  of  the  district  are  inferred  to  have  a  metamorphic  origin,  the 
needful  gaseous  emanations  having  acted  on  limestones.  With  respect 
to  the  rock-salt,  its  occurrence  in  alternating  lenticular  portions  amid 
the  dolomite  and  gypsum  of  the  zechstein,  it  is  supposed,  might 
arise  from  the  presence,  in  the  waters,  df  the  carbonates  of  lime  and 
soda,  and  the  simultaneous  emission  of  sulphurous  and  hydrochloric 
acids,  or  of  chlorine  with  the  chloride  of  magnesium  from  vents  at 
the  bottom  of  the  sea,  the  abimdance  of  each  varying,  sometimes  the 
sulphurous  acid  being  the  most  abundant,  sometimes  chlorine,  and  at 
others  chloride  of  magnesium. 

M.  EUe  de  Beaumont  communicated  to  the  Society  an  extended 
note  on  the  most  ancient  systems  of  European  mountains,  in  which, 
afler  adverting  to  his  weU-known  labours  on  the  subject  of  the  eleva- 
tion of  mountain  systems,  the  first  account  of  which  was  read  before 
the  Academy  of  Sciences  of  Paris  in  June  1829,  he  alludes  to  his 
continued  researches  in  the  same  field,  and  describes  four  systems, 
succeeding  each  other  in  the  order  of  geological  time,  to  which  he 
assigns  the  names  of  the  Finisterre,  the  Longmynd,  the  Morbihan, 
and  tlie  Westmoreland  or  Hundsruck  systems. 

It  would  be  impossible  to  give  a  correct  view,  in  the  limits  to  which 
we  are  necessarily  restricted  in  an  address  of  this  kind,  of  the  mass 
of  matter  connected  with  his  subject  which  M.  Elie  de  Beaumont 
has  brought  forward  in  this  memoir.  We  must  refer  to  the  paper 
itself  for  tables  and  calculations  which  are  essential  to  the  right  un- 
derstanding of  his  communication,  one  which,  moreover,  is  drawn  up 
in  a  very  condensed  form,  and  therefore  difficult  of  satisfactory  abridg- 
ment. 

M.  Elie  de  Beaumont  remarks  that  during  the  greater  part  of  his 
labours  on  mountain  systems  he  had  used  a  graphic  methoa  of  record- 
ing his  observations,  employing  a  stereograpnic  projection  on  the 
horizon  of  Mont  Blanc,  which  he  had  calculated  and  had  engraved 
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at  the  commencement  of  his  researches,  and  of  which  he  availed  him- 
self in  his  lectures.  He  points  to  the  advantages  which  the  graphic 
and  trigonometrical  methods  each  possess,  observing  that  though  the 
former  so  well  addresses  itself  to  the  eye,  the  latter  more  correctly 
gives  the  mean  of  numerous  observations. 

"  The  fundamental  problem,*'  observes  M.  J^He  de  Beaumont,  after 
alhiding  to  the  systems  of  small  arcs  of  great  circles,  ''  presented  by 
a  like  system  of  small  arcs  observed  on  the  surface  of  the  g^obe,  where 
they  are  marked  by  the  crests  of  mountains  or  by  the  outcrop  of  beds, 
consists  in  detenmning  the  great  circle  of  comparison,  to  one  of  the 
elements  of  which  each  of  the  small  arcs  observed  is  parallel. 

'^  The  small  arcs  determined  by  observation  may  be  generally  con- 
sidered as  being  themselves  infinitelv  small  secants,  or  tangents  to  so 
many  small  circles  resulting  from  tne  intersection  of  the  surface  of 
the  sphere  with  planes  parallel  to  the  great  circle  of  comparison, 
forming  the  equator  of  the  whole  system.  Each  of  these  small  circles 
is  a  parallel  with  respect  to  the  equator  of  the  system ;  it  has  the 
»me  poles  as  it,  and  these  poles  are  the  two  pomts  where  all  the 
great  circles  perpendicular  to  the  small  arcs,  constituting  the  system 
of  parallel  traces  determined  by  observation^  intersect. 

*'  The  problem  arising  from  such  a  system  of  parallel  traces  ob- 
served on  the  surface  of  the  globe  consists  in  determining  these  two 
poles,  or,  what  amounts  to  the  same  thing,  its  equator ;  i,e,  the  great 
circle  of  comparison  to  which  each  oi  the  small  arcs  observed  may  be 
considered  as  parallel.  This  determination,  M.  £lie  de  Beaumont 
observes,  would  be  easy,  and  might  be  made  after  two,  or  at  least  a 
few  observations,  if  the  condition  of  parallelism  was  rigorously  satis- 
fied :  since,  however,  this  in  general  is  but  approximatively  accom- 
plished, the  determination  oi  the  great  circle  of  comparison  can  onlv 
foUow  from  the  means  of  numerous  observations,  well-combined  with 
each  other ;  and  thus,  while  the  observations  are  not  very  multiplied 
or  spread  over  a  wide  space,  we  can  only  advance  towards  this  deter- 
minatiop  by  successive  approximations." 

M.  £he  de  Beaumont  then  points  out  the  mode  of  arriving  at  the 
results  proposed, — one  which  requires  to  be  studied  in  the  memoir 
itself,  on  account  of  the  necessary  formulae  and  tables.  Employii^ 
the  method  adopted,  he  enters  into  great  detail  respecting  the  evi- 
dences of  the  systems  treated  of. 

With  respect  to  the  Westmoreland  and  Hundsruck  system,  one 
referred  to  a  ecological  date  posterior  to  the  Silurian  rocks,  including 
the  tilestone,  but  anterior  to  the  old  red  sandstone  or  Devonian  rocks, 
M.  ^e  de  Beaumont  passes  in  review  the  different  localities  in 
Europe  which  he  includes  in  it,  commencing  in  the  north,  and  taking 
a  mean  for  the  direction  of  the  small  arc  of  the  great  circle  traversing 
the  centre  of  the  locahty.  This  gives  for  Lapland  a  direction  of  £. 
2*i°  30'  N. ;  for  Esthonia,  E.  1 T"*  N. ;  for  Wisby,  m  the  Isle  of  Goth- 
knd,  E.  22^  30'  N. ;  for  the  Grampians,  E.  38*'  N. ;  Keswick,  West- 
moreland, E.  37°  30'  N. ;  Church  Stretton,  Shropshire,  E.  42°  N.; 
Fahnouth,  (Cornwall,  E.  45°  N. ;  Freiberg,  Erzgebirge,  E.  27°  55'  N. ; 
Hof,  Frankenwald,  E.  28°  N. ;  Prague,  Bohemia,  E.  28°  40'  N. ; 
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Ardeime,  E.  25°  N. ;  Condros,  E.  35°  N. ;  Taunus,  E.  33°  13'  N. ; 
Singer  Loch,  direction  of  the  quartz  rocks  and  ereen  slates,  £. 
43°  50'  N. ;  Hundsruck-Taunus  (chain),  E.  27°  30^  N. ;  St.  Male, 
Brittany,  E.  42°  1 5'  N.  and  E.  47° N. ;  Schirmeck,  E.  30°  N.;  Saint- 
Di4  Vosges,  E.  35°  N. ;  Montagne  Noire,  E.  34°  N. ;  Hy^res,  E. 
22°  30'  N. ;  and  for  Ajaccio,  Corsica,  E.  22°  30'  N. 

From  these  twenty-two  local  mean  directions  M.  J^lie  de  Beaumont 
proceeds  to  determine,  trigonometrically,  the  direction  of  the  great 
cutde  of  comparison  of  this  system  considered  as  passing  through  the 
Binger  Loch,  and  states  the  result  to  he  the  "  supposition  tlutt  the 
great  circle  passing  the  Binger  Loch,  with  a  direction  E.  31^°  N., 
is  the  great  circle  of  comparison,  or  the  equator  of  the  Westmoreland 
and  Hundsruck  system. 

M.  ^e  de  Beaumont,  adopting  the  same  methods,  next  guanines 
the  evidence  respecting  the  direction  of  the  Longmynd  system,  one 
formed  anterior  to  the  Caradoc  sandstone.  The  mean  local  dire(^ns 
are  considered  to  he,  for  Church  Stretton  (liongmynd  district),  N. 
25°  E. ;  Morlaix,  Brittany,  N.  21°  E. ;  Saint- James,  Normandy, 
N.  22°  30'  E. ;  Limousin,  N.  26°  E. ;  Freiberg,  Erzgebirge,  N. 
33°  57'  30^^  E. ;  Zlabings  (for  Moravia  and  the  adjoining  portions  of 
Bohemia  and  Austria),  N.  32°  30'  E. ;  middle  distance  between 
Gotheborg  and  Gefle,  Sweden,  N.  38°  E. ;  Uleaborg,  north-west  of 
Finland,  N.  42i°  E. ;  Viborg,  south  of  Finland,  N.  50°  E. ;  and  for 
Saint-Tropez,  Montagues  des  Maures  and  the  Esterel,  N.  35°45'  4  6"  £. 
Proceeding  with  these  means,  as  with  those  for  the  Westmoreland 
and  Hundsruck  system,  our  colleague  finds  that  the  Ix>ngmynd 
system,  referred  to  the  Binger  Loch,  has  a  direction  of  N.  31°  15'  E., 
oUfFering  from  the  former  system  by  27°  15'.  M.  ^lie  de  Beaumont 
supposes  that,  provisionally,  the  great  circle  passing  by  the  Binger 
Locn  and  makii^  an  angle  of  30°  1 5'  towards  tne  N.E.,  is  the  equator 
or  great  circle  of  comparison  for  the  Longmynd  system. 

Adverting  to  his  former  researches  respecting  the  direction  of 
moimtain  chains,  inserted  in  the  French  dution  of  the  '  Greological 
Manual'  and  the  ' Traits  de  G^ognosie'  of  M.  Daubuisson,  in  wldeh 
he  notices  it,  M.  £lie  de  Beaumont  next  considers  the  Finisterre 
system,  one  formed  anterior  to  the  Silurian  rocks.  The  direction  of 
this  system  at  Brest  is  stated  to  be  E.  21°  45'  N.,  and  he  infers 
that  it  can  be  found  in  Sweden  and  Finland,  and  that  it  may  be  pos- 
sible to  recognise  it  in  the  fundamental  rocks  of  the  Pyrenees  and 
Catalonia.  The  Finisterre  system  referred  to  the  Binger  Loch,  be- 
comes E.  11°  35'  N.,  differing  by  20°  from  the  Westmoreland  and 
Hundsruck  system,  and  more  than  47°  from  that  of  the  Longmynd. 

Under  the  name  of  the  Morbihan  system,  a  direction  of  beds  in 
Brittany  is  noticed,  and  considered  to  be  due  to  an  elevation  different 
from  those  described  previously.  This  direction  is  taken  for  Yannes 
at  E.  38°  15'  S.,  and  the  system  itself,  it  is  thought,  may  be  widely 
extended.  Certain  directions  of  beds  in  the  departments  of  La  Coir^e^ 
La  Dordogne  and  La  Charente  are  thought  referable  to  it,  as  also  the 
direction  of  the  crystalUne  rocks  in  the  environs  of  Messina,  and  of 
certain  rocks  in  the  Bohmerwald  and  Erzgebirge,  and  in  the  Ukraine. 
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The  Morbihfli  system  is  also  inferred  to  be  indicated  in  Labrador 
and  Canada. 

Respecting  the  reLitiye  ^logical  ages  of  the  four  systems  noticed, 
they  are  considered  to  be  m  the  following  order,  the  first  being  the 
most  andent,  and  the  third  formed  anterior  to  all  the  Silurian  accu- 
mulatioiis: — 

1 .  System  of  Finistarre. 

2.  System  of  the  Longmynd. 

3.  System  of  Morbihan. 

4.  System  of  Westmoreland  and  the  Hundsruck. 
Treating  of  the  old  slates  of  Brittany,  whether  taking  the  direction 

of  the  Finisterre,  Longmynd  or  Morbman  systems,  M.  £lie  de  Beau- 
mont notices  their  enyelopment,  in  an  unocmfonnable  manner,  by  a 
great  deposit  of  sandstones  and  conglomerates  referred  by  him  to  the 
age  of  tne  Caradoc  sandstmie.  M.  ^lie  de  Beaumont  pdnts  to  the 
greato"  extension  of  the  sea  at  the  time  of  the  Caradoc  sandstone 
than  at  the  period  when  the  preyious  fossiliferous  beds  were  deposited, 
a  sea  eoTering  portions  of  Brittany,  Scandinavia  and  northern  Ame- 
rica, so  that  the  first  Sflurian  beds  in  those  countries  were  contem- 
poraneously formed,  and  are  referable  to  the  Caradoc  sandstone,  a 
great  absence  of  accumulations  being  observable  in  the  same  r^ons, 
this  absence  in  Brittany  corresponding  with  the  double  period  of 
temquillity  existing  between  the  elevation  of  the  Finisterre  and  Mor- 
bihan systems.  He  then  inquires  respecting  the  evidence  of  a  geo- 
logical norizon  of  the  date  of  the  Caradoc  sandstone  in  Wales,  one 
which  has  beoi  ascertained  from  independent  obsenratioiis,  during 
the  progress  of  the  Greological  Surv^,  and  of  which  a  notice  was 
communicated  to  you  by  Professor  Kamsay  and  Mr.  Aveline  in  a 
memoir  previously  noticed.  Taking  into  account  the  system  of  La 
YeadSe  proposed  by  M.  Riviere,  which  M.  Elie  de  Beaumont  con- 
siders not  unfounded  on  facts,  though  he  is  not  personally  acquainted 
wiUi  them,  the  following  is  his  view  of  the  deposits  of  rocks  and  of 
systems  of  elevation  formed  in  western  Europe  during  Uie  earlier 
tunes  of  the  palaeozoic  period. 

1 .  Cfreen  satiny  slates  of  Belle-Isle, 

1.  System  of  La  Vend^. 
(Directioo,  N.N.W.  and  S.S.E.) 

2.  CunArian  rocks  of  Brittany. 

2.  System  of  Finisterre. 

(Directum,  «t  Brest,  W.  21"*  45'  S.  and  B.  21"*  45'  N.) 

3.  Crreen  slates  of  Wales  and  felspar  rocks. 

3.  System  of  the  Longmjmd. 

(Direction,  at  the  Bioger  Loch,  N.  ZV  15'  B.  and  S.  3^  15'  W.) 

4.  Fossiliferous  series  of  the  Bala  limestone. 

4.  System  of  Morbihan. 

(Direction,  at  Vannes,  W.  38**  15'  N.  and  E.  38**  15'  S.) 

^2 
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5.  Silurian  series,  including  the  Tiles  tone.  * 

5.  System  of  Westmoreland  and  the  Hondsruck. 

(Direction,  at  the  Binger  Locb,  W.  31*  30'  S.  and  E.  31''  3(K  N.) 

6.  Devonian  series. 

An  additional  note  is  appended  respecting  the  prolongation  of  the 
systems  of  the  Ballons,  of  Westmoreland  and  the  Hundsruck,  and  of 
the  C6te  d'Or  into  distant  countries,  especially  into  North  America, 
the  Russian  dominions  and  China. 

M.  Favre  communicated  ohservations  on  the  relative  positions  of 
the  rocks  in  the  western  Alps  of  Switzerland  and  of  Savoy,  in  which 
he  noticed, — 1.  the  crystallme  rocks ;  2.  the  metamorphic  rocks ;  3. 
the  Yallorsine  conglomerate ;  4.  the  Jurassic  series ;  5.  the  cretaceous 
deposits,  divided  into  (a)  Neocomian,  (b)  first  rudiste  zone,  (e)  Al- 
hian  rocks,  gault  and  greensand,  and  (d)  the  Seeven  Umestone  of 
M.  Studer ;  and,  6.  the  nummulitic  limestone.  The  cretaceous  de- 
posits are  stated  to  rest  unconformahly  on  the  Jurassic  series,  and  at 
the  Diablerets  the  nummulitic  limestone  reposes  on  the  green  sand, 
the  fossils  of  the  two  rocks  heing  mingled.  M.  Favre  notices  a  hed 
of  coal  in  the  nummulitic  deposits  sufficiently  thick  to  he  worked  in 
the  chain  of  the  Titlis  and  other  localities,  and  considers  that  the 
nummulitic  rocks  are  independent  of  the  cretaceous  series  on  which 
they  rest.  The  Macigno  is  then  noticed,  and  it  is  inferred  that  hoth 
it  and  the  nummuhtic  limestone  are  alike  independent  of  each  other 
and  of  the  cretaceous  series. 

M.  d*Archiac  read  an  extract  of  a  memoir  on  the  fossils  of  the 
nummuhtic  rocks  of  the  environs  of  Bayonne  and  Dax,  in  which  he 
refers  to  the  fossils  from  Biaritz  sent  to  him  hy  Mr.  Pratt,  and  those 
from  the  arrondissement  of  Dax  by  M.  Delbos.  Of  the  209  species 
determined  and  obtained  from  the  departments  of  the  Landes  and 
Basses-Pyr^^,  128  are  only  yet  known  as  local,  10  are  found  in 
the  nummuhtic  beds  of  Corbi^res  and  the  Montague  Noire,  12  in 
other  parts  of  Europe,  48  in  lower  tertiary  deposits,  22  in  the  middle 
tertianes,  and  4  species  in  the  chalk,  3  ousters  among  these  last  being 
found  in  the  lower  group  of  the  nummulitic  rocks  which  rests  directly 
on  the  chalk  of  the  district. 

In  his  researches  on  the  crystallization  of  the  sranitic  rocks,  M. 
Durocher  refers  to  the  remarks  of  M.  Scheerer  on  his  previous  labours 
on  the  same  subject,  and  supposes  that  a  mass  containing  in  combi- 
nation siUca,  alumina,  alkaline  and  earthy  bases,  potash,  soda,  some- 
times Hthia,  with  a  Uttle  lime,  magnesia,  the  oxides  of  iron  and 
manganese,  as  also  minute  quantities  of  hydrofluoric  acid  and  even  of 
boracic  acid,  would  separate  into  quartz,  mica  and  felspar  when  suffi- 
ciently cooled.  The  solidification  taking  place  according  to  the  re- 
lative tendency  of  the  minerals  to  crystidlize,  the  felspar  would 
crystallize  sooner  than  the  quartz.  The  soUdification  of  the  siUca  he 
considers  would  not  be  instantaneous,  the  substance  behavinfflike  the 
vitreous  bodies,  and  remaining  long  in  a  viscous  state.  Thus  the 
cnrstallization  of  the  granite  would  not  be  in  the  order  of  fusibility 
01  the  component  minerals. 
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VHih  respect  to  granites,  M.  Durocher  considers  that  in  the  greater 
naaiher  of  cases  the  solidification  of  the  different  constituent  elements 
of  the  rock  took  place  at  nearly  the  same  time,  hut  not  so  with  the 
porphyries.  With  respect  to  tne  view  of  water  forming  an  essential 
part  of  granites,  he  infers  that,  h  priori^  the  quantity  must  be  very 
small,  less  than  one  per  cent.  By  exj^riment  he  did  not  find  so 
much  as  five  thousand-parts  of  water  m  granites,  felspathic  rocks 
and  quartziferous  porphyries  which  were  not  decomposea.  The  small 
quantity  of  water  found  in  ordinary  granites  (always  excepting  those 
containing  talc  or  chlorite)  appears  to  him  to  be  due  to  percolation 
subsequent  to  their  original  consolidation,  while  he  admits  that  many 
igneous  rocks,  such  as  serpentine,  diallage  rock  and  others,  may  have 
orimially  contained  water  as  an  essential  component  part. 

During  his  experiments  on  the  igneous  rocks,  M.  Durocher  found 
carbonate  of  lime  and  dolomite  in  many,  these  substances  being  in- 
visible by  means  of  a  lens.  With  respect  to  dolomite,  he  found  '0092 
of  it  in  a  granite  from  Stockholm,  *005  in  a  protogyne  l&om  the  Vall^ 
de  I'Agly  (Pyr^^  Orientales),  *0043  in  a  petrosilex  from  Sala 
(Sweden),  *013  from  a  euphotide  of  Savoy,  *0024  from  a  basalt  of 
Saint-Flour  (Cantal),  and  '0062  in  an  olivine  lava  of  Auvergne.  From 
'001  to  '018  of  carbonate  of  lime,  either  pure  or  slightly  magnesi- 
ferous,  was  in  twenty-five  specimens  of  granitic  and  other  igneous 
rocks  considered  original  and  not  due  to  infiltration. 

M.  PQla,  whose  loss  to  science  amid  the  late  political  events  in 
Italy  we  have  to  deplore,  communicated  a  notice  on  the  red  ammoni- 
tiferous  limestone  of  Italy.  Having  noticed  the  rocks  of  the  districts 
of  the  Lago  di  Como,  of  La  Spezia  and  of  the  mountains  of  Tuscany, 
referring  to  the  previous  writings  of  geologists,  he  infers  that  the  true 
position  of  the  red  ammouitiferous  limestone  is  in  the  liassic  Jura 
series,  quoting  the  observations  of  Yon  Buch  as  to  the  liassic  or  in- 
ferior oolitic  character  of  the  contained  ammonites  as  showing  the  age 
of  the  beds  of  the  Lago  di  Como,  where,  l&om  their  mode  of  occur- 
rence, they  might  otherwise  be  referred  to  the  higher  part  of  the 
Jurassic  series.  At  La  Spezia  and  in  the  mountains  of  Tuscany  the 
red  ammouitiferous  limestone  rests  immediately  on  a  dolomite  and 
black  limestone,  rocks  which,  bv  their  position  and  fossils,  are  con- 
sidered identical  with  the  dolomite  and  brown  limestone  of  the  valley 
of  Esino,  lake  of  Como,  which  geologists  view  as  forming  part  of  the 
lias.  The  exact  equivalent  M.  Pilla  supposes  may  be  the  lower  part 
of  the  oolitic  series. 

M.  Pomel  described  a  new  fossil  pachyderm  from  the  basin  of  the 
Gironde,  named  Elotherium  magnum^  considered  to  bear  the  same 
rdadon  to  the  hippopotamus  that  the  tapirs  and  rhinoceros  do  to  the 
lophiodon  and  palseotherium. 

In  a  memoir  on  the  nummulitic  rocks  of  the  departments  of  the 
Aude  and  of  the  Pyrenees,  M.  Tallarignes  proposes  to  describe  these 
deposits  with  reference  to  the  localities  nameo,  and  not  with  regard 
to  general  classifications.  He  finds  two  formations,  distinct  both  in 
their  geological  and  palseontoloeical  characters.  The  first  contains 
either  new  or  known  tertiary  fossils,  and  the  beds  are  commonly 
horizontal.     To  this  formation  M.  Tallavignes  assigns  the  name  of 
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Iberian  system.  The  other  deposit  he  names  the  Alarician  system. 
Its  famia  is  stated  to  present  more  of  a  cretaceous  than  terdary  ch»* 
racter,  and  it  has  no  apparent  connection  with  the  other  system. 
Its  beds  have  been  disturbed,  and  in  the  Aude  the  strata  of  the  former 
mtem  rest  unconformably  upon  them.  The  nummulitic  rocks  o€ 
the  Central  Pyrenees  exclusively  belong,  he  infers,  to  the  Alarician 
system.  The  upper  or  Iberian  nummmitic  rocks  constitute  two  di- 
stinct basins  on  the  north  side  of  the  Pyrenees,  that  of  the  Aude  on 
the  east,  and  that  of  the  Basses-Pyr^i^  on  the  west. 

In  a  letter  to  M.  FrapolU  on  the  polished  and  striated  rocks  of 
Denmark,  M.  Forchhammer,  after  noticing  many  fiu^  observed, 
calls  attention  to  the  action  of  ice  on  the  present  coasts  of  that  coun- 
try. He  remarks  that  although  the  coast  ice  envelopes  the  blocks  of 
rock  and  pebbles,  to  enable  these  to  be  borne  away  from  the  shore 
it  is  necessary  that  the  thaw  or  rupture  of  the  ice  should  coincide 
with  a  rise  of  the  waters.  In  the  winter  of  1844  the  ice  sur- 
rounded a  block  of  from  six^  to  eight]^  cubic  feet  (about  four  to  five 
tons  and  a  half).  In  the  following  spring  this  was  carried  out  to  sea, 
leaving  as  it  quitted  the  coast  a  deep  furrow  in  the  sandy  clay  of  the 
shore,  not  (^mte  obliterated  six  months  afterwards. 

In  the  middle  of  February  1844,  a  sudden  firost  covered  the  Sound 
with  ice,  particularly  towards  the  coast  of  Seeland,  and  this  ice,  driven 
by  a  heavy  nde,  was  dashed  on  shore.  Fears  were  entertained  for 
the  fishing  i^lage  at  the  bottom  of  Taarbeijk  bay.  The  masses  of  ice 
suddenly  rose  to  the  heieht  of  sixteen  feet,  breaking  in  upon  the 
houses.  The  furrows  and  scratches  made  by  this  rush  of  ice  ex- 
tended beneath  the  sea-level.  With  regard  to  the  transport  of  blocks 
of  rock  now  taking  place,  M.  Forchhammer  mentions  that  in  1844  a 
diver  in  search  of  the  remains  of  an  English  cutter  which  blew  up, 
at  anchor,  diuring  the  bombardment  of  Copenhagen  in  1807,  found 

Eart  of  this  vessel  entire,  but  covered  by  blocks,  some  of  which  may 
ave  measured  six  to  eiffht  cubic  feet.  The  same  diver  affirmed  that 
all  the  wrecks  he  had  visited  in  the  roadstead  were  more  or  less  covered 
by  blocks.  These  blocks  M.  Forchhammer  considers  to  be  brought 
by  the  masses  of  ice  borne  out  ftt>m  the  Baltic  by  the  current  settmg 
through  the  Kattegat  in  the  spring. 

In  a  geological  description  of  the  northern  part  of  the  empire  of 
Morocco,  Dr.  Coauard,  after  remarking  on  the  physical  aspect  of  the 
country,  notices  tne  occurrence  of  transition  rocks  {terrain  de  trtnu- 
ition),  which  he  separates  into  four  divisions.  The  first,  or  the  lowest, 
is  formed  of  crystalline  slates,  in  which  various  modifications  are  ob- 
served, from  eneiss  to  argillaceous  slate;  the  second  composed  of 
black  ^uwadLC,  quartsose  oon^omerates  and  grey  quartz  rocks; 
the  third  of  satiny  slates,  thick  beds  of  limestone  and  calcareous 
slates,  containing  orthocerse,  orthides,  encrinites  and  trilobites ;  and 
the  fourth  of  sandstones  and  conglomerates.  The  second  of  these 
divisions  is  referred  to  the  Lower  Silurian,  and  the  third  to  the  Upper 
Silurian  series,  while  the  fourth  is  considered  equivalent  to  the  De- 
vonian series,  fossils  being,  however,  absent  in  it.  The  thickness  of 
these  deposits  is  estimatedat  2850  feet.  These  accumulations  are  suc- 
ceeded by  a  vast  assemblage  of  limestones  and  dolomites,  referred  to 
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the  Joraasic  series,  resting  nncoiifonnablj  on  the  rocks  beneath.  Above 
the  Jurassic  the  cretaceous  series  reposes.  It  is  divided  by  Dr.  Co- 
qaard  into  three  parts :  a,  a  limestone  with  Chama  ammonia ;  b,  num- 
mnlitie  limestone  (these  being  conformable  to  eadi  other) ;  and  c. 
fbctMd  sandstone,  unconformable.  The  first  he  refers  to  the  Neoco- 
mian  rocks,  the  second  to  the  greensand,  and  the  iMrd  to  the  upper 
dialk.  The  tertiary  rocks  are  considered  to  be  represented  by  a 
freshwater  and  by  a  marine  deposit,  both  miocene  and  conformable 
to  each  other,  and  by  an  argillaceous  and  horizontal  formation.  To 
these  succeed  modem  travertines,  osseous  breccias,  bog  iron,  and 
dimes.  There  is  much  detail  given  in  the  memoir :  the  direction  of 
^  lines  of  elevation  is  noticed  in  accordance  with  the  vievrs  of  M. 
£lie  de  Beaumont,  and  the  paper  is  accompanied  by  several  sections. 

In  a  letter  from  Boston  (7th  Nov.  1847),  M.  Desor  gave  an  ac- 
count of  his  discovery  of  fragments  of  Fenus  mercenaria  in  the  drift 
of  Brooklyn,  near  New  York,  and  stated  that  in  consequence  much 
search  had  been  made  by  Mr.  Redfield,  whose  labours  had  been  re- 
warded by  fine  collections  of  shells  from  the  drift  around  New  York, 
consisringof  Fenus  mercenaria,  Oatrea  canadenaie,  Naeaa  trivittata, 
Mya  arenaria.  Purpura  JUnidana,  &c.,  all  moUuscs  now  found  living 
on  Uie  coasts  near  that  city,  with  the  exception  of  one  species,  the 
living  representatives  of  which  are  found  more  southward,  on  the 
coast  of  Carolina.  Details  are  given  respecting  the  drift  of  North 
America,  and  of  the  heights  at  mich  it  is  found.  Pleistocene  clay 
is  also  noticed.  M.  Desor  observes  that  the  shells  obtained  from  the 
day  of  the  different  localities  are  of  littoral  species,  and  hence,  to  ac- 
count for  the  different  leveb  at  which  thev  occur,  he  considers  it  not 
improbable  that  during  the  emergence  of  the  land  above  the  sea,  there 
was  time  sufficient  for  these  species  to  multiply  and  form  beds  at 
different  altitudes  above  the  present  ocean  level.  Mention  is  made 
of  the  probable  distributkm  of  land  and  water  in  later  geological 
times  in  North  America,  and  of  its  consequences. 

M.  d*Archiac  gave  a  summary  of  the  observations  made  on  the 
quaternary  or  diluvial  rocks,  which  he  defined  to  consist  of  accumu- 
lations effected  between  the  dose  of  the  Subapennine  deposits  and 
the  commencement  of  the  modem  period.  It  may,  he  observes,  be 
conndered,  that  no  one  cause  yet  assigned  for  these  accumulations  is 
of  itself  sufficient  for  the  effects  observed,  while  man^  of  them  have 
concurred  either  simultaneously  or  successively,  in  different  degrees 
ind  under  different  drcumstances,  to  produce  the  results  seen.  M. 
d*  Archiac  refers  to  the  first  part  of  the  second  volume  of  his  Hietoire 
de$  Progr^  de  la  Oiologie  for  the  proofs  of  his  (pinions. 

M.  FVi^lH,  in  a  summary  of  the  first  part  of  a  work  on  the 
Terraina  meubles  of  Europe  (subhercynian  type),  observes,  after 
ranarking  on  the  varied  production  of  detrital  rocks,  that  the  accu- 
mulation of  boulders  and  blocks,  gravels,  sands  and  clays,  commonly 
termed  terraint  meubles,  is  nol^  as  a  whole,  single  and  posterior  to 
dqiosits  in  beds,  as  has  been  sometimes  supposed,  but  that  there 
have  been  similar  accumulations  during  all  geological  periods,  formed 
on  the  land  as  wdl  as  in  the  sea.    Tanng  the  view  of  sudden  marked 
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elevations  of  land  at  distinct  times,  succeeded  by  periods  of  repose, 
he  considers  that  there  would  result  from  the  sudden  action  various 
irregular  deposits  due  to  geological  currents  thus  produced,  some  of 
these  deposits  having  never  been  subsequently  submerged,  while  others 
have  been  so  during  one  or  more  geolc^cal  periods ;  and  that  during 
the  succeeding  periods  of  tranquillity  there  would  be  formed  a  variety 
of  irregular  deposits,  marine,  fluvio-marine,  and  terrestrial,  such  as 
beaches,  banks  and  bars,  deltas,  alluvions  of  rivers  and  torrents, 
glacial  accumulations,  the  sand-hills  of  coasts  and  deserts,  the  fallen 
fragments  from  mountains  and  inland  cliffs,  &c. 

M.  FrapoUi  then  describes  the  subhercynian  rocks  of  this  daas, 
dividing  them  into  the  accumulations  of  four  di£ferent  and  successiTe 
epochs.  The  first  he  refers  to  a  great  elevati<m  subsequent  to  the 
deposit  of  the  cretaceous  series,  and  which  he  supposes  may  coincide 
with  that  preceding  the  deposit  of  the  eocene  rocks.  To  the  denu- 
dation and  debacle  attending  this  elevation  he  attributes  the  dispersion 
of  the  angular  blocks  of  quartz  rock  in  the  district.  The  second  is 
thought  due  to  an  elevation  corresponding  with  that  by  which  the 
western  Alps  were  thrown  up,  and  from  it  resulted  deposits  of  which 
pebbles  from  the  Hartz  form  a  large  portion.  Dunng  the  period 
following  this  elevation,  the  Hartz  is  inferred  to  have  remained  above 
water,  deposits  from  terrestrial  and  marine  causes,  acting  upon  the 
land,  being  then  effected,  and  the  climate  differing  littk  mm  its 
present  state.  The  next  is  referred  to  the  Arctic  epoch.  A  rupture 
on  the  north-west  of  Europe  is  inferred,  followed  by  the  dispernon  of 
the  third  of  these  accumulations.  The  subhercynian  district  was 
then,  it  is  supposed,  invaded  by  detritus  from  the  north,  this  detritus 
thrown  especially  upon  the  northern  and  north-western  flanks  of  the 
hills,  and  covering  previous  deposits.  During  the  period  which 
followed,  an  arctic  climate  is  considered  to  have  prevailed,  and  the 
lehm  of  the  district  to  have  been  accumulated.  A  fourth  dispersion 
is  supposed  to  have  then  been  effected  by  a  movement  which  pro- 
duced the  final  emergence  of  the  subhercynian  district.  The 
Emod  following  this  is  the  present  or  modem,  in  which  the  accumu- 
tions  of  the  class  noticed  have  been  effected  and  are  now  taking 
place. 

In  a  communication  on  the  environs  of  Chamonix,  Savoy,  M.  Favre 
remarks  that  the  pot-stone  {pierre  ollaire)  and  the  granite  veins 
occur  in  bands  paraUel  to  the  contact  of  the  crystalline  slates  and 
protogyne,  and  that  along  the  whole  of  the  line,  on  the  north-west 
flank  of  the  chain  of  Mont  Blanc,  the  same  phsenomena  are  presented, 
and  in  the  same  manner.  He  affirms  that  on  this  flank  there  are 
several  parallel  bands  of  serpentine  and  potstone.  With  respect  to 
the  Yallorsine  conglomerate,  he  observes,  that  with  associated  sand- 
stones and  slates  it  constitutes  the  anthraxiferous  formation  of  the 
Alps,  by  which  term  he  does  not  mean  to  refer  it  to  any  particular 
geologiod  age,  but  simply  to  state  that  in  this  group  the  Alpine 
anthracite  is  found.  M.  Favre  savs,  that  while  in  the  district  noticed 
this  group  occurs  beneath  the  belemnitic  limestone,  it  nevertheless 
passes  into  it  geologically,  at  the  junction  of  the  deposits,  by  alter- 
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natkm  of  beds.  He  gives  some  very  interesting  details  respecting  the 
stmctiire  of  loodities,  some  rarelv,  others  never  previously  visited  by 
gcok^lical  observers, — details  which  require  to  be  studied  in  the 
memoir  itself  and  with  the  aid  of  a  map.  An  outlying  portion  of 
the  anthraxiferous  rocks,  a  part  of  a  great  curved  mass  once  con- 
necting these  rocks  in  the  Buet  with  those  in  the  valley  of  Chamonix, 
was  fonnd  upon  the  Aiguilles  Rouges,  there  resting  unconformably 
and  horizontally  upon  vertical  beds  of  crystalline  rocks.  A  section 
of  thb  curve,  one  very  interesting  as  r^ards  the  movements  of  the 
Alps,  and  the  mode  of  accumuktion  of  certain  of  the  deposits  in 
them,  is  given. 

Dr.  Bou6  read  a  note  on  the  existence  in  the  northern  hemisphere 
of  isothermal  curves,  such  as  they  now  are,  at  a  period  at  least  as 
remote  as  the  close  of  the  Jurassic  series.  In  this  communication  he 
noticed  the  observations  connected  with  the  distribution  of  the  erratic 
blocks  in  Europe  and  America,  showing  that  they  reached  more 
southerly  latituaes  in  the  latter  than  the  former ;  that  identical  fos- 
sils of  the  ancient  alluvions  and  the  tertiary  deposits  of  the  two  con- 
tinents bear  out  the  same  view ;  and  that  the  same  also  happens 
with  the  cretaceous  series.  Dr.  Bou^  obser^'es  that  the  northern 
limit  of  the  nummuUtic  rocks,  extending  from  Europe,  by  the  Hi- 
malaya, into  China,  describes  a  curve  according  with  the  present 
isothermal  lines ;  thus,  he  remarks,  if  the  whole  earth  once  possessed 
a  higher  temperature  than  at  present,  the  same  relation  of  climate 
existed  in  the  regions  noticed  as  at  present,  at  least  back  to  the  com- 
mencement of  the  cretaceous  series. 

Upon  communicating  a  notice  of  the  fossils  of  the  German  zech- 
stein  by  M.  Geinitz,  M.  de  Yemeuil  adverted  to  the  labours  of  Sir 
Boderick  Murchison,  Count  Keyserling  and  himself  on  the  Permian 
system,  as  established  in  Russia,  and  remarked  that  several  of  the 
species  of  shells  discovered  by  them  in  that  country  had  been  noticed 
for  the  first  time  in  the  German  zechstein,  such  as  Murchiaonia  sub- 
angulata,  Solemya  Biarmica,  Modiola  Pallasi^  Area  Kinffiana, 
Avieula  KazanenMy  Terebratula  O^nitziana,  T,  superstes,  Pro- 
dueius  Leplayi^  and  P.  Cancrini. 

Notice  is  taken  of  the  Orthotrix  of  M.  Geinitz,  which  the  author 
considers  should  be  separated  from  Productus,  and  which  M.  de  Ver- 
neuil  refers  (in  part  at  least)  to  the  Stropholoaia  of  Mr.  King,  who 
also  observed  sufficient  differences  in  the  m-caHlledProducti  of  themag- 
nesian  limestone  of  England  to  lead  him  to  this  view.  M.  de  Yememl 
oonnders  that  the  Orthotrix  Goldfussi  and  O.  excavatus  of  M.  Gkinitz 
are  the  Stropholosia  Morrisiana  and  5.  Sedgwicki  of  Mr.  King. 

M.  de  Yemeuil  also  read  a  communication  by  Prof.  Naumann  of 
Leipsic  on  the  deposits  of  Oschatz,  which  he  assigns  to  the  Permian 
series,  to  the  same  effect  as  that  brought  before  our  Society,  and 
previously  noticed,  and  at  the  same  time  adverted  to  the  labours  of 
or  Roderick  Murchison  in  Thuringia,  Saxony  and  Silesia  in  the 
establishment  of  the  Permian  system. 

Relating  to  this  subject  M.  Delahaye  communicated  a  note  on  the 
schists  of  Muse  and  Buxi^re-la-Grue,  which  form,  he  considers,  a 
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new  subdiyision  of  the  Permiaii  series.  After  quoting  the  Abb^ 
Lsndriot,  as  beheving  them  to  constitutea  passage  from  the  zechstein 
into  the  coal-measures,  M.  Delahaje  remarks,  that  in  the  basin  of 
Autun  the  upper  beds  of  the  schists  contain  an  abundance  oi  Psa- 
rolitkes  identical  with  those  of  the  new  red  sandstone  ($m^  rott^e), 
and  that  in  parts  of  the  basin,  at  Ygomay,  at  Chambois,  and  other 
places,  and  reposing  conformably  on  the  schists,  there  is  a  grey  rock 
sometimes  containing  bituminous  veins,  at  others  presenting  a  dirty 
olive-coloured  aspect  from  a  more  general  dissemination  of  bituminooa 
matter,  offering  the  normal  characters  of  xechstein,  and  upon  analyaa 
affording  the  carbonates  of  lime  and  masnesia.  He  also  calls  atten- 
tion to  the  opinion  of  M.  Agassis,  that  the  fish-scales  found  in  all  the 
upper  beds  of  the  basin  of  Autun  and  the  fossil  fish  of  the  lower 
parts  of  the  schists  of  Muse  bear  the  greatest  resemblance  to  the  re- 
mains of  Palseoniscus  discovered  by  M.  von  Dechen  in  the  limestones 
subordinate  to  the  new  red  sandstone  (^r^  rau^e)  of  B<^mia.  M. 
Delahaye  refers  the  fish-scales  above  noticed  to  the  PaUe<mUeu9 
magnus,  thought  by  M.  Agassis  to  be  exclusively  contained  in  the 
zedbstein  of  Mansfeld.  A  general  view  is  taken  of  the  fosul  plants 
found  in  the  environs  of  Autun. 

At  a  subsequent  meeting  of  the  Society,  while  MM.  Virlet  and 
Boub^  supported  the  view  that  the  bituminous  schist  of  Autun  was 
independent  of  the  coal-measures,  M.  j^e  de  Beaumont  combated 
this  opinion,  stating  that  analogous  bituminous  schists  were  found  in 
many  other  of  the  coal  basins  of  France  and  foreign  countries. 

Mr.  Davidson  communicated  a  detailed  memmr  on  the  Brachiopods 
of  the  Upper  Silurian  system  of  England,  the  result  of  his  labours  in 
the  districts  where  these  rocks  are  found  and  among  local  collections. 
He  considers  it  as  now  recc^nized  that  manv  species  have  Hved 
through  the  times  of  deposit  of  several  stages  of  the  Silurian  system, 
and  have  been  even  perpetuated  beyond  it.  He  is  also  of  opinion 
that  the  divisions  proposed  by  Sir  Roderick  Murchison  are  charac- 
terized by  certain  species  more  abundant  in  or  proper  to  them,  so 
that  these  divisions  may  be  usefully  preserved,  without  at  the  same 
time  attaching  more  importance  to  them  than  is  their  due. 

Respecting  generic  divisions,  Mr.  Davidson  observes  as  probable, 
that  as  we  advance  and  lacunes  are  filled  up,  distinctions  will  become 
more  and  more  arbitrary.  "  Thus,"  he  continues,  **  confining  our- 
selves to  the  Brachiopods,  do  we  not  daily  find  the  great  differences 
disf^pearing  which  once  served  to  characterise  the  genera  Producing 
Ckanetes,  OrtMs,  Leptana^  Spiri/er,  Terebratula,  &c.  7  Do  we  not 
find  these  genera  more  and  more  approximating  to  each  other  by  a 
multitude  of  intermediary  species,  some  possessing  the  external  forms 
of  one  genus  with  certain  internal  characters  of  another,  so  that 
there  is  much  difficulty  in  assigning  them  their  true  place  f  We  may 
cite  as  examples  the  Orthia  biloba  and  the  OrthU  biforata  or  /jnup, 
which  possess  the  internal  characters  of  an  OrthU  and  the  external 
forms  of  a  Spiri/er,  The  genus  Auloategea  of  M.  Helmersen  comes 
between  the  Productus  and  the  OrthU.**  After  observing  that  a 
great  number  of  examples  might  be  adduced  of  the  little  value  to  be 
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Studied  to  the  distinction  of  certain  genera,  he  admits  the  neoessitj 
of  forming  generic  divisions,  founded  on  an  assemblage  of  well-observed 
characters,  often  taken  from  internal  structure,  in  order  to  classify 
the  multitude  of  species  presented  bj  nature. 

Mr.  Davidson  refers  to  the  new  dassification  of  brachiopods  bj  M. 
d'OrbigOT*,  and  to  an  examination  of  his  Silurian  brachiopods  with 
him.  Mr,  Davidson  provisbnally  arranges  the  brachiopods  of  the 
Upper  Silurian  series  and^described  bj  him  under  the  genera  Produe- 
iuSf  CAanetes,  Lept4gna,  Ortkia,  Spirifer^  Terebratula,  Pentamenu, 
Lin^mla,  Crania,  and  Orbieula.  He  notices  78  species,  and  figures 
48  of  them,  and  a  table  is  given  of  the  78  n>ecies,  the  names  being 
tlMMe  adopted  bj  M.  de  Vemeuil  and  himself.  THie  synonyms  are 
appended,  and  reference,  in  connexion  with  them,  is  madte  to  the 
eenera  adc^ted  by  M.  d'Orbigny.  The  particular  stages  of  the  Si« 
uirian  system  and  the  locahties  are  mentioned,  and  other  places  where 
the  species  are  found,  either  in  Europe  or  America,  are  added. 

M.  de  Vemeuil  communicated  a  note  on  some  brachiopods  of  the 
Isle  of  Gothland,  in  which  he  refers  to  the  labours  of  Mr.  Davidson 
on  the  brachiopods  of  En^and  and  to  the  work  of  M.  Barrande  on 
those  of  Bohemia,  and  describes,  with  figures,  seven  new  species  of 
brachiopods  under  the  names  of  Leptana  Laveni,  L.  enigwut,  Ortkia 
Darndscm,  O.  punctata,  Spiri/er  Marklini,  Sp,  Barrandi,  and  TVre- 
bratwUa  hicarinata,  adding  the  OrthU  biloba  of  Idnufleus.  A  list  is 
given  of  the  brachiopods  of  the  Upper  Silurian  system  of  the  Isle  of 
Gothland.  In  this  are  enumeratea  seventeen  species  of  Terebratula, 
two  of  Pentamerwi,  eleven  of  Spirtfer,  nine  of  OrthU,  nine  of  Lep- 
tana,  and  one  of  Chonetes, 

M.  de  Vemeuil  also  read  a  note  on  certain  species  of  Lept€ena, 
having  a  perforated  beak,  noticing  Lept^ena  altemata  (Conrad,  De 
Vemeuil  and  Keyserling),  L.  pkmocotwexa  (Hall),  L.  sulcata  (De 
Vem.),  L.  Loveni  (De  Vem.),  L,  antiquata  ana  ecabroea  (Davidson), 
L,  analoga  and  depreua  (on  the  authori^  of  Dr.  King  and  Mr.  Da- 
vidson), L.  tenuiatriata  (Sowerby),  and  X.  planumbana  (Hall). 

M.  rauverge  communicated  observations  on  the  opinion  of  Dr.  Bou^ 
respecting  the  coincidence  of  the  isothermal  lines  of  previous  geologi- 
cal thnes  with  the  present,  remarking,  as  re^ds  the  coal-measures, 
on  identical  species  of  the  plants  found  fossil  m  them  being;  discovered 
under  very  different  latitudes,  and  referring  to  central  heat  as  the 
cause,  at  that  period,  of  the  surface-temperature  of  the  ^be.  We 
may  remark  on  this  subject  (one  on  which  we  have  elsewhere  entered), 
that  as  exact  geological  investigations  progress,  with  reference  to  the 
varied  distribution  of  land  and  water,  and  all  the  conditions  of  relief 
of  the  land  and  form  of  the  sea-bottom,  we  may  anticipate  very  im- 
portant information  as  to  the  distribution  of  temperature  over  our 
planet's  sur&ce  at  different  geological  times.  A  better  insight  will 
also  be  obtained  into  the  value  wmch  has  to  be  attributed  to  the  in- 
ternal heat  of  the  earth,  up  to  the  period  when,  from  the  loss  of  heat 
by  radiation  into  planetary  space  having  been  sufficiently  advanced, 

*  Comptes  Rendut  de  rAcad^mie  det  Sciences,  torn.  xxt. 
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the  earth's  surface-temperature  became  materially  influenced  by  the 
sun. 

In  a  letter  to  M.  Elie  de  Beaumont,  Professor  Angelo  Sismonda 
mentions,  that  in  a  descent  from  the  Col  des  Encombres,  towards  the 
Tarentaise,  he  had  found  numerous  fossils  in  the  schistose  black 
limestone  of  that  locaUt^.  He  considers  this  limestone  as  a  little 
above  the  schists  of  Petit-Cceur  (remarkable  for  the  mixture  of  or- 
ganic remains  in  them,  as  abore  noticed).  The  fossils  found  are 
considered  by  M.  Sismonda  to  prove  the  correctness  of  the  opinion 
given  by  M.  £he  de  Beaumont  that  the  belemnite  beds  of  the  Ta- 
rentaise are  referable  to  the  lias*. 

M.  Talavignes,  referring  to  the  memoir  of  M.  Elie  de  Beaumcmt 
on  the  most  ancient  S3rstems  of  European  mountains,  and  to  the  recent 
classification  of  the  nummulitic  rocks  in  the  eocene  series,  considers 
that  he  was  the  first  to  show  that  the  received  opinion  as  to  the  date 
of  the  elevation  of  the  Pyrenees  should  be  modified,  there  being  two 
distinct  deposits  of  nummulitic  rocks  (as  above  noticed),  one  named 
by  him  the  Iberian  system,  the  other  the  Alarician  system.  In  reply, 
lit.  ^lie  de  Beaumont  saw  no  objection  to  the  nummulitic  rocks  of 
the  Mediterranean  beine  viewed  as  eocene.  He  considered  that  the 
fossil  molluscs  of  the  Mediterranean  nummuhtic  limestone  are  divi- 
sible into  three  groups,  of  which  the  first  only  is  found  in  the  num- 
mulitic Umestone  of  Soissons  (above  the  plastic  day,  and  forming  the 
base  of  the  ealcaire  (dossier  of  the  Paris  basin),  while  the  second  b 
confined  to  the  Mediterranean  deposit,  and  the  third,  composed  of  at 
least  fifteen  or  twenty  species,  is  found  in  the  cretaceous  rocks,  pro- 
perly so  caUed. 

In  addition  to  these  communications  there  were  notices  and  papers 
on  floating  ice,  by  M.  Desor ;  on  the  snows  of  the  Vosffes,  by  M.  £d. 
Collomb ;  on  new  analyses  of  Predazzite  and  the  products  resulting 
firom  its  decomposition,  by  M.  Damour ;  on  an  estimate  of  certain 
emanations  caused  by  natural  and  artificial  heat,  by  M.  H.  Daubr^ ; 
on  the  occurrence  of  stratified  diallage  rock  (^abbro)  between  serpen- 
tine and  granite,  resting  on  the  latter,  in  the  mountains  of  the  Zobten, 
Silesia,  by  M.  Gustave  Rose ;  on  the  mountain  of  Cetona,  by  M.  Ezio 
de'Veccm,  in  which  the  red  ammonitiferous  limestone  is  mentioned, 
and  the  author  agrees  in  its  geological  position  with  M.  Pilla ;  on  the 
lacustrine  formation  of  La  Bresse,  by  Dr.  J.  Canat ;  on  the  geolc^cal 
structure  of  the  low  part  of  Guadaloupe,  named  Grande-Terre,  by  Dr. 
Pierre  Duchassaing ;  on  the  stratified  rocks  of  the  Venetian  Alps,  by 
M.  de  Zigno ;  on  the  folding  of  the  tertiary  rocks  in  the  valley  of  the 
Dronne,  and  on  the  beds  traversed  by  the  railway  between  Liboume 
and  AngoulSme,  by  M.  d'Archiac.  There  were  fdso  communications 
on  the  causes  which  appear  to  influence  the  growth  of  certain  plants 

*  Part  of  these  fossils  were  determined  by  M.  Bayle,  at  the  £cole  des  Mines  at 
Paris.  Those  added  to  the  others  noticed  are,  Ammomtet  JlmMatug  (Sow.),  J, 
amalthetti  (Schlot,),  A.  planieottaint  (Sow.),  A.  radiant  (Schlot.),  Pholadomya 
Koiina  (Sow.),  Avicula  imequhoMs  (Sow.),  A.  eottata  (Sow.),  Lima  deearaim 
(Munster),  Cardmia  conehuui  (Agassiz),  Ttrebratula  huBqitivaMt  (Sow.),  7*.  mi- 
riabiH»  (Sow.),  Area,  Pecten,  and  Beiemmiet  (abundant). 
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under  known  conditions,  bj  M.  Charles  Desmonlins ;  on  the  transport 
of  certain  erratic  blocks  of  Scandinavia  and  North  America  by  floating 
ice,  considered  as  a  consequence  of  the  ancient  extension  of  glaciers 
and  the  changed  level  of  those  countries,  by  M.  Ch.  Martins ;  on  the 
fossils  in  certain  flints  found  in  the  Perigord,  by  M.  Ch.  Desmonlins ; 
on  the  ancient  glacier  of  Wesserling,  by  M .  £d.  CoUomb.    Also  papers 
by  M.  Blanche  on  part  of  the  Lebanon ;  on  the  D6le  (Jura),  by  MM. 
Lory  and  Pidancet ;  on  an  artesian  well,  sunk  433  feet,  at  Venice, 
with  an  interesting  and  detailed  section,  by  M.  de  Challaye ;  on  Elba, 
by  M.  de  Collegno ;  on  the  Jurassic  rocks  of  the  southern  part  of  the 
basin  of  the  Rhone,  by  M.  Victor  Thiolli^re ;  on  the  geological  struc- 
ture of  the  Isthmus  of  Panama,  by  Mr.  Evan  Hopkins ;  on  human 
fossils  found  in  the  volcanic  mountain  of  Denize,  the  mammiferous 
remains  noticed  in  the  different  deposits  of  the  Haute-Loire,  and  the 
probable  age  of  their  entombment,  by  M.  Aymard ;  on  the  different 
species  of  the  Mastodonts  of  the  Velay,  by  M.  Aymard ;  on  the  an- 
cient glaciers  of  the  Jura,  bv  M.  Favre ;  on  the  more  recent  ecolo- 
gical memoirs  read  before  tne  Friends  of  Natural  Science  of  Vienna, 
by  M.  Bou4 — a  condensed  and  valuable  notice.    There  were  memoirs 
and  notices  on  dipSts  blocailleux  (a  name  given  to  deposits  containing 
a  more  or  less  large  quantity  of  angular  mgments),  by  M.  OmaUus 
d'Halloy ;  on  the  ridging  of  the  earth's  surface,  on  the  nature  of  un- 
consohdated  accumulations,  and  on  the  theory  of  floating  ice,  by  M. 
FrapolU ;  on  Tantaliferous  Wolfram  of  the  Haute- Vienne,  by  M.  Da- 
mour ;  on  facts  and  considerations  in  aid  of  a  classification  of  the 
nummulitic  rocks,  by  M.  Victor  Raulin ;  on  the  Magat  pumilus,  by 
Mr.  Davidson  and  M.  Bouchard-Chantereaux.     These  communica- 
tions were  followed  by  papers  or  notices,  on  the  depression  of  Northern 
Africa  beneath  the  level  of  the  sea,  by  M.  Angelot ;  on  the  siliceous 
incrustation  of  the  Greysers,  and  on  different  natural  hydrates  of  silica, 
by  M.  Damour ;  on  the  upper  tertiary  deposit  of  Sundgau  (Upper 
Rhine),  and  on  the  transformation  of  the  felspathic  pebbles  of  this 
deposit  into  kaolin,  bv  M.  Daubr^ ;  on  the  mmes  of  the  environs  of 
Bone  and  Philippeville  (Algeria),  by  M.  Paul  Benoist.     To  these 
succeed  a  reply  to  MM.  Martins  and  Desor  respecting  the  theorv  of 
floating  ice,  and  analysis  of  a  MS.  notice  of  M.  Paul  Weibye  of  &ra- 

rie  on  that  of  waves,  with  a  notice  of  the  recent  observations  of 
Forchhammer  on  the  polished  and  striated  surfaces  of  Denmark, 
by  M.  FrapolU ;  and  remarks  on  thb  reply  bv  M.  Ch.  Martins. 

M.  Ed.  Collomb  gave  an  account  of  fossil  plants  found  in  Devonian 
or  Silurian  rocks  near  Wesseiling ;  and  there  were  papers  on  dolomi- 
tization  by  DeMorlot ;  on  a  geological  survey  of  the  basin  of  LaComt^ 
by  M.  Leprieur ;  on  the  classification  of  the  ungulated  mammifers, 
by  M.  Pomel ;  on  a  temporary  glacier  (January  and  February  1848) 
in  the  Vosges,  bv  M.  Bd.  Collomb ;  on  agricultural  geology,  more 
especially  of  a  domain  near  Nancy,  by  M.  N^r^  Boub^ ;  on  the 
fossil  bones  of  the  environs  of  Alus,  by  M.  d'Hombres-Firmas ;  on 
the  nature  of  the  rocks  of  the  domain  of  Gastilitza,  near  St.  Peters- 
burg, and  on  the  fossils  found  in  them,  by  Prince  Emmanuel  Ga- 
litzin;  on  the  deposits  between  the  white  chalk  and  the  calcaire 
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gro9sier  of  the  Paris  basin,  by  M.  £.  H^rt ;  on  the  Fahluns  of  the 
south-west  of  France,  by  M.  Delbos ;  on  the  freshwater  Phyw  lime- 
stone of  Montolieu  (Department  of  the  Aude),  by  M.  Victor  Ranlin. 
There  were  also  rectifioeitions  of  his  classification  of  the  nammulitic 
rocks  by  M.  Victor  Raulin,  and  a  paper  on  a  classification  of  the 
tertiary  rocks  of  Aquitain  by  the  same  author. 

Connected  with  the  pubhcations  of  the  Geological  Society  of  France^ 
M.  d'Archiac  has  produced  the  second  Tolume  of  his  'History  of  the 
Progress  of  Geology/  one,  like  the  first,  replete  with  valuable  matter. 
It  treats  of  the  deposits  known  as  quaternary  or  diluvial.     Itself  a 
condensation  of  a  mass  of  information,  illustrated  by  concise  original 
remarks,  it  would  be  impossible  to  afford  you  a  iust  idea  of  its  con- 
tents in  the  brief  notice  which  this  address  wiU  permit.     It  maj, 
however,  be  desirable  to  mention,  that  in  this  second  volume  M.  d'Ar- 
chiac  gives  an  account  of  the  raised  beaches  and  superficial  deposits, 
with  fossil  marine  remains,  and  of  the  erratic  blocks  of  the  north  of 
Europe  and  of  the  British  Islands,  of  the  effects  due  to  glacial  action 
in  these  islands,  of  their  bone-caves  and  osseous  breccias,  and  of  their 
palaeontology  of  this  date.     The  quaternary  deposits  of  Holland, 
Bekium  and  of  France  are  mentioned  in  detail,  the  latter  under  the 
heads  of  basin  of  the  Seine,  chain  of  the  Vos^  and  the  valleys  de- 
scending from  it,  basin  of  ihe  Rhine,  basin  of  the  Loire  and  central 
plateau  of  France,  north  flank  of  the  Fj^renees,  basin  of  the  Rhone, 
and  osseous  breccia  and  bone-caves.     The  quaternary  deposits  of  the 
Alps  follow,  first  considering  those  of  the  plains  and  valleys  around 
Uie  Alps,  and  then  those  amid  the  mountains  themselves.    The  ac- 
cumulations of  this  date  are  then  treated  of  as  r^ards  Southern 
Europe,  Central  Europe,  Eastern  Europe,  and  Asia,  including  under 
the  latter  head  those  of  the  Ural,  of  Siberia,  and  of  the  norm  flank 
of  the  Altai.     Then  follow  the  accumulations  of  Western  Ada  and 
of  Southern  Asia.     M.  d*Archiac  afterwards  proceeds  with  the  qua- 
ternary deposits  of  Africa  and  of  North  America,  first  treatmg,  as  re- 
spects the  latter,  of  the  marine  and  lacustrine  deposits  of  the  southern 
of  the  United  States,  then  of  those  in  the  Northern  States,  and  after- 
wards of  the  erratic  blocks  of  North  America.     He  next  describes  the 
deposits  supposed  to  be  of  this  age  in  Southern  and  Central  America 
(including  the  West  Indian  Islands  with  a  description  of  the  Pampas 
and  of  the  raised  beaches  of  the  western  coast),  and  in  Australia.    M. 
d'Archiac  concludes  with  a  general  summary,  read  also  before  the 
Geological  Society  of  France,  and  with  theoretical  considerations  re- 
specting the  former  extension  of  glaciers. 

Geological  Notices. 

This  address  has  so  fiir  extended  beyond  the  limits  originally  con- 
templated, and  which  may  indeed  be  considered  desirable,  that  we 
womd  venture  to  trespass  little  further  upon  your  indulgence.  At 
the  same  time  it  becomes  matter  of  congratulation,  as  regards  the 
still  increasing  cultivation  of  our  science,  that  even  a  sketch  of  the 
progress  of  thb  Society,  and  mention  of  papers  read  before  other 
geological  societies  of  our  land,  with  notices  of  those  communicated 
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to  the  Geological  Society  of  France,  and  a  statement  of  the  adrance 
of  our  Geological  Survey*  could  so  long  have  occupied  our  attention. 
The  political  events  of  the  past  year  have,  no  douht,  interrupted  geo- 
logical investigations  in  many  parts  of  Europe,  yet  even  under  this 
disadvantage  it  is  gratifying  to  find  how  much  has  heen  accomplished 
in  European  geology,  while  steady  advances  have  heen  made  in  our 
knowle(^  of  America,  espedally  of  its  northern  portions,  and  of 
vanoos  other  parts  of  the  world. 

We  cannot  omit  to  caU  your  attention  to  the  puhHcation,  during 
the  year,  of  a  second  volume  of  the  '  ExpUcation  de  la  Carte  G^lo- 
gique  de  la  France,'  hy  MM.  Dufr^oy  and  j^he  de  Beaumont  * ;  an 
miportant  work,  more  especially  as  regards  a  right  knowledge  of  the 
geological  structure  of  France.  It  is  remarked  in  the  introduction 
to  this  volume  that  the  study  of  the  relations  existme  hetween  the 
topography  and  the  nature  of  the  rocks  had  induced  Uie  authors  to 
give  detailed  descriptions  of  the  successive  zones  forming  the  outcrop 
of  the  different  divisions  of  the  Trias  and  the  Jurassic  limestone. 
They  therefore  have  made  knovm  the  regular  course  of  these  divi- 
sions in  the  basin  of  the  north  of  France  by  examples  taken  at  short 
distances  from  each  other,  and  they  have  adopted  the  same  method 
lor  the  south  of  France  in  order  to  show  the  (hfferences  presented  by 
the  same  deposits  either  in  their  hthological  characters  or  in  the  na- 
ture of  the  fbrails  disseminated  among  them.  These  details  also 
ensiled  them  to  render  full  justice  to  the  labours  which  have  either 
preceded  or  followed  the  pubhcation  of  the  geological  map  of  France. 
The  work  is  accompanied  by  105  illustrative  diagrams,  and,  in  addi- 
tion to  the  scientific  detail,  notices  are  given  of  the  uaeful  mineral 
substances  found  in,  or  forming  part  of,  the  rocks  described.  It  is 
announced  that  the  third  volume  will  contain  an  account  of  the  re- 
mainder of  the  sedimentary  rocks  which  have  been  only  slightly  dis- 
turbed since  their  deposit,  and  that  there  vnll  be  a  volume  dedicated 
to  the  description  and  figures  of  shells  characteristic  of  the  different 
fownliferous  deposits  of  France. 

The  trias,  consisting  of  the  pr^  bigarri,  the  musehelkalk,  and  the 
wtames  iriaSes,  is  described  as  occurring  (1)  around  the  Yosges,  parti- 
cularly on  the  plains  of  the  ancient  £)rraine ;  (2)  on  the  flauKs  of 
the  mountains  of  the  Charollais,  in  the  departments  of  the  C6te  d'Or, 
of  the  Sa6ne  and  Loire,  and  of  the  Bhdne ;  (3)  on  the  northern  foot 
of  the  mountains  of  Central  France,  in  the  departments  of  the  Ni^vre, 
of  the  Allier,  of  the  Cher,  and  of  the  Indre ;  (4)  on  the  slope  of  the 
hills  of  the  Bocage,  in  the  departments  of  Calvados  and  La  Manche ; 
(5)  on  the  southern  side  of  the  central  mass  of  France,  in  the  depart- 
ments of  the  Lot,  the  Aveyron,  the  Tarn  and  Garonne,  the  Tarn,  and 
ihe  H^rault ;  and  (6)  on  the  flanks  of  the  Montagues  des  Maures,  in 
the  department  of  the  Yar.  Some  other  locaUties  in  disturbed  di- 
stricts, such  as  the  Pyrenees  and  Jura,  are  to  be  separately  noticed. 

A  small  map  is  given,  showing  the  outcrop-course  of  the  Jurassic 
rocks,  the  divisions  of  which,  it  is  remarked,  present  the  great  ad- 
vantage of  being  nearly  continuously  traceable  from  one  end  to  the 
*  A  thick  quarto  volume  contaiiiing  813  pages. 
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Other  of  France.  The  divisions  noticed  are  the  Has,  the  inferior  oolite, 
the  middle  oolite  and  the  upper  oohte ;  and  it  is  mentioned  that  the 
beds  are  so  similar  both  in  the  south  and  north  of  France,  that  speci- 
mens collected  between  the  Sables-d'Olonne  and  Rochefort,  on  the 
borders  of  the  Ocean,  are  exactly  analogous  with  those  of  the  same 
series  of  deposits  on  the  shores  of  the  Channel  between  Caen  and 
Honfleur.    The  base  of  the  Jurassic  series  is  mentioned  as  marked  hy 
sands  and  other  accumulations  showing  an  absence  of  repose,  such  as 
the  gravels  and  sands  (diluvium)  at  the  base  of  the  Jurassic  series  in 
the  environs  of  Moutiers,  near  Bayeux,  and  the  quartzose  sandstones, 
rich  in  altered  felspar,  to  which  the  name  arkose  has  been  assig^ned. 
From  their  position  they  have  been  termed  in  the  geological  map  of 
France  the  infraliassic  sandstones.     They  are,  however,  sometimes 
associated  with  the  inferior  oolite,  and  perhaps  even  with  the  middle 
oolite.     In  each  case  they  contain  fossils  analogous  to  those  of  the 
limestones  which  repose  upon  them,  thus  determining  their   age. 
These  sandstones  are  remarkable  for  containing  crystalhne  minerals, 
which  are  not  commonly  found  in  the  calcareous  beds.     Sulphate  of 
baryta  is  abundant,  and  even  sometimes,  as  in  the  environs  of  Alen- 
9on,  the  shells  of  fossils  are  replaced  by  it  in  a  crystalline  form.    The 
sandstone  of  the  lias  in  many  places  contains  galena,  blende,  and  oxide 
of  manganese. 

It  is  announced  that  the  government  geological  survey  of  Belg;iuni 
is  completed.  And  respecting  maps  we  would  wish  to  cadi  your  atten- 
tion to  the  palaeontological  map  of  the  British  Islands  by  Professor 
Edward  Forbes  (published  during  the  year  as  part  of  the  Physical 
Atlas  by  Johnston  and  Berghaus)  as  embodying  a  large  amount  of 
valuable  information.  With  respect  to  the  progress  of  palseontolc^, 
we  should  also  call  your  attention  to  that  important  work,  '  The  Fa- 
leeontology  of  New  York,'  by  Mr.  James  Hall,  containing  descriptions 
of  the  organic  remains  of  the  lower  division  of  the  New  York  system, 
considered  equivalent  to  the  Lower  Silurian  rocks  of  Europe.  This 
work  contains  descriptions,  with  numerous  figures,  of  95  genera  and 
381  species;  14  species  being  classed  as  Plant®,  4  as  uncertain,  50 
as  Zoophyta,  15  as  Crinoidea,  77  as  Brachiopoda,  49  as  Acephala, 
71  as  Uasteropoda,  68  as  Cephalopoda,  and  33  as  Crustacea. 

Under  the  same  branch  of  our  science,  Bronn's  '  Index  Palseonto- 
logicus '  should  be  mentioned  as  extremely  valuable,  as  also  Geinitx 
and  Gutbier's  work  on  the  fossils  of  the  Saxon  Permian,  Richter's 
Palceontology  of  Thuringia,  Searles  Wood  on  the  Univalves  of  the 
Crag  (one  of  the  publications  of  the  Palseontographical  Society),  an 
important  work.  In  the  '  Annals  of  Natural  History '  will  be  found 
papers  by  Schombursk  on  Barbadoes  fossils  (found  in  beds  referred 
to  the  miocene  deposits)  ;  M^Coy  on  carboniferous  and  old  red  sand- 
stone fishes,  on  mesozoic  radiata,  and  on  palaeozoic  corals ;  Lycett's 
further  observations  on  the  conchology  of  the  oolitic  rocks,  and 
Toulmin  Smith  on  the  VentricuUdse  ;  observations  on  some  Belem- 
nites  and  other  fossil  remains  of  Cephalopoda  from  the  Oxford  day 
near  Trowbridge,  Wiltshire,  in  whicn  Dr.  Mantell  concludes  that  the 
true  character  of  the  animal  of  the  Beleranite  remains  to  be  ascer- 
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tamed,  and  that  the  Belemnoteathis  is  generically  distinct  from  the 
Belemnite,  the  opinion  fonnerly  giren  hy  Mr.  Clianing  Pearce  and 
Mr.  Cunnington. 

We  should  not  forget  the  second  part  of  the  papers  of  the  Friends 
of  Natural  History  in  Vienna,  collected  and  published  by  the  inde- 
fatigable Haidinger,  who,  notwithstanding  the  poUtical  events  of  the 
last  year,  has  b^n  enabled  to  produce  this  volume,  containing  in 
connection  with  geology  the  following  papers : — Reuss  on  the  Fossil 
Polypiaria  of  the  Vienna  Tertiary  Basm,  accompanied  by  eleven 
plates ;  Czjzek  on  the  Fossil  Foraminifera  of  the  Vienna  Basin ; 
Barrande  on  the  Brachiopoda  of  the  Silurian  Rocks  of  Bohemia  (the 
continuation  of  his  former),  with  nine  plates ;  Morlot  on  the  Geology 
of  Istria,  with  a  geological  map ;  and  Beissacher  on  the  Auriferous 
District  of  the  Salzburg  Central  Alps. 

The  cause  of  the  production  of  dolomite  having  of  late  been  matter 
of  much  attention,  perhaps  it  may  not  be  out  of  place,  before  we 
conclude,  to  notice  a  few  circumstances  connected  with  this  subject. 
From  the  time,  now  many  years  since,  when  our  veteran  and  distin- 
guished collea^e.  Von  Buch,  first  advanced  his  views  on  the  pro- 
duction of  certain  dolomites,  there  has  been  much  difference  of  opinion 
as  to  the  mode  in  which  this  compound  of  the  carbonates  of  lime  and 
magn^ia  could  have  been  formed.  Facts  have  been  adduced  to  show 
that  the  dolomitic  beds,  commonly  known  as  the  magnesian  lime- 
stones, ranging  amid  the  new  red  sandstone  series  of  parts  of  En^and, 
and  considered  equivalent  to  part  of  the  Permian  system  of  Sir  Rode- 
rick Murchison,  had  been  deposited  from  water,  in  the  same  manner 
as  many  limestones,  and  that  the  same  had  been  the  case  with  many 
dolomitic  beds  occurring  in  different  parts  of  Great  Britain  and  Ireland 
amid  the  more  common  calcareous  accumulations  of  the  carboniferous 
or  mountain  limestone.  Other  facts  have  been  brought  forward  to 
sustain  the  opinion  that  many  dolomitic  masses,  often  of  considerable 
volume,  were  not  in  the  condition  of  the  first  formation  of  such 
masses,  but  were  limestones  changed  by  circumstances  which  had 
added  the  carbonate  of  magnesia,  so  that  the  resulting  product  was  a 
dolomite.  Like  many  questions  involving  the  union  of  particles  of 
matter  constituting  certain  mineral  bodies,  we  should  carefuUy  weigh 
the  evidence  adduced,  so  as  to  be  sure  we  do  not  attribute  to  a  single 
mode  of  production  those  things  which  may  have  resulted  from  two. 
The  study  of  the  manner  in  which  minerals  occur  has  shown  us  that 
some  of  the  same  kinds  have  been  formed  from  the  solution  in  water 
of  the  elementary  body  or  bodies  of  which  they  are  composed,  and 
also  amid  masses  which  have  evidently  been  in  a  state  of  igneous 
fusion.  Take,  for  example,  common  rock  crystals  or  quartz, — little 
doubt  can  exist  that  their  component  particles  of  silica  have  been 
gathered  together  as  crystals  in  fissures  and  other  cavities  from  liquid 
solutions,  and  we  find  as  well-formed  crystab  of  the  same  mineral  in 
some  porphyries,  the  igneous  origin  of  which  can  scarcely  be  called 
in  question,  the  particles  in  both  cases  having  been  under  such  con- 
ditions that  they  could  approximate,  and,  under  the  influences  pro- 
ducing crystallization,  be  arranged  in  a  definite  manner.    The  same 
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with  certain  other  minerals,  such  as  some  belonging  to  the  felspmr 
family  and  snlphuret  of  iron. 

In  the  progress  of  the  Geological  Survey  during  the  past  year  in 
Ireland,  we  had  an  opportunity  of  seeing  a  beautinil  arrangement  of 
dolomite  crystals  in  ordinary  hmestone  on  the  south  of  Carloir,  near 
Bagenalstown.     In  that  part  of  Ireland  there  is  a  dolomitic  series  of 
beds  amid  the  accumulations  of  the  carboniferous  or  mountain  lime- 
stone, having  a  considerable  range.     In  the  higher  parts  where  this 
series  is  surmounted  hy  certain  dark  and  black  shales,  the  beds,  isvhich 
may,  for  convenience,  be  termed  those  of  passage,  show  the  cessation 
of  the  conditions  under  which  the  crystab  of  dolomite  were  so  de- 
posited as  to  form  the  whole  or  nearly  the  whole  of  the  strata. 
There  were  alternations  of  circumstances,  and  little  sheets  of  crystals 
of  the  carbonates  of  lime  and  magnesia,  often  of  slight  depth,  alternate 
with  the  common  dark  carbonaceous  limestone,  the  light  colour  of 
the  one,  in  sections,  strongly  contrasting  with  the  dark  colour  of  the 
other.     We  here  seem  to  have  had  times  when  these  crystals  a£  the 
carbonates  of  lime  and  magnesia  were  strewed  over  the  bottom,  at 
first  so  little  mingled  with  other  matter  as  to  constitute  whole  heds» 
and  then  so  mixed,  as  conditions  changed,  that  they  were   only 
strewed  about  in  patches,  their  production  finally  ceasing  altc^ther. 

Many  other  facts,  as  you  are  aware,  upon  the  great  sode,  could  be 
adduced  to  support  the  view  that,  at  least,  some  of  the  dolomitic  rocks 
have  been  the  result  of  deposit  from  water,  as  indeed  we  might  ex- 
pect, and  we  would  here  recall  to  your  attention  that  numerous  lime- 
stones contain  carbonate  of  magnesia,  besides  the  rocks  properly 
termed  dolomites,  and  often  far  more  abundantly  than  would  h& 
supposed.  We  should  also  not  feel  surprised  that  when  a  deposit 
was  effecting  from  solution  in  water,  and  the  carbonates  of  lime  and 
magnesia  were  being  thrown  down  in  certain  definite  proportions  (and 
the  proportions  those  of  bitter  spar  or  dolomite),  that  crystals  were 
the  result  (supposing  the  needful  time  for  the  definite  arrangement  of 
the  component  particles),  their  arrangement  in  beds  or  thin  laminae, 
intermingled  with  ordinary  limestone,  being  dependent  on  circum- 
stances. 

Satisfied  as  we  may  happen  to  be,  however,  with  such  a  view  as  afford- 
ing an  explanation  of  the  mode  of  occurrence  of  dolomitic  rocks  in 
certain  districts,  it  by  no  means  follows  that  it  will  suffice  for  all  do- 
lomites wherever  founU.  Other  views  have  been  taken  and  ably  sup- 
ported. You  are  familiar  with  the  opinions  and  facts  adduced  by 
Von  Buch,  respecting  the  occurrence  of  dolomite  in  certain  districts, 
as  also  with  the  writings  of  others  entertaining  the  same  views. 
During  the  past  year  some  highly  interesting  experiments  have  been 
made  by  M.  de  Morlot,  the  results  of  which  are  considered  by  him 
to  support  the  metamorphic  character  of  dolomites,  more  particularly 
in  the  manner  advocated  by  M.  Haidinger. 

A  notice  of  these  experiments  and  conclusions  is  contained  in  a 
letter  of  M.  de  Morlot  to  M.  Elie  de  Beaumont,  in  which  he  refers 
to  the  calculations  of  this  distinguished  geologist'*'  respecting  the 
♦  Bulletin  dc  la  Soci^t^  Geologique  de  France,  1837,  pp.  174-177. 
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Tolume  which  a  cube  metre  of  limestone  would  occupy  if  conrerted  into 
dolomite,  by  the  substitution  of  one  atom  of  carbonate  of  magnesia 
for  one  atom  of  carbonate  of  lime  in  each  double  atom  of  carlM)nate 
of  lime,  which  show  that  hollows  or  pores  would  result  equal  to  12 
per  cent,  of  the  total  volume  of  the  rock,  explaining  the  cavernous 
structure  of  many  dolomites.  M.  de  Morlot,  desirous  of  ascertaining 
how  far  the  theoretical  view  of  M.  de  Beaumont  was  borne  out  by 
fact,  carefully  chose  a  piece  of  the  dolomite  of  the  Pr^el,  believed 
to  represent  its  mean  cavernous  state,  and  with  many  precautions, 
ascertained  the  relation  of  the  pores  or  hollows  to  the  volume  of  the 
rock.  This  he  found  to  be  12*9  per  cent.,  a  remarkable  coincidence 
he  infers,  all  the  circumstances  being  taken  into  consideration,  and  a 
result  confirming  the  views  of  M.  £ue  de  Beaumont.  M.  de  Morlot 
however  r^ards  the  metamorphic  character  of  dolomite,  with  M.  £lie 
de  Beaumont,  as  placed  beyond  doubt  by  the  fact,  that  part  of  the 
SOurian  corals  of  Gerolstein  were  formed  of  crystallized  dolomite, 
and  are  cavernous,  vrithout  having  lost  their  orinnic  form.  He  also 
notices,  and  gives  a  figure  of,  a  coral  from  the  Seisser  Alp,  from  the 
structure  of  which  he  infers  that  there  has  been  metamorphic  action, 
and  that  the  atom  of  lime  thus  displaced  has  been  removed. 

The  frequent  association  of  dolomite  with  gypsum  in  many  places, 
and  a  carenil  examination  of  specimens  collected  near  Vienna,  induced 
Haidinger  to  suspect  that  the  magnesia  had  been  introduced  in  the 
form  of  a  sulphate,  and  that  this  salt,  so  commonly  existing  in  nature, 
had  so  reacted  upon  the  limestone  to  which  it  was  conveyed  in  so- 
lution in  water,  that  the  double  carbonate  of  lime  and  magnesia,  and 
gypsum  were  the  results.  A  solution  of  sulphate  of  lime  was,  how- 
twer,  known,  if  filtrated  sufficiently  long  through  pulverized  dolomite, 
to  transform  the  latter  into  carbonate  of  lime,  sulphate  of  magnesia 
beiiig  formed.  From  reasoning  upon  some  circumstances  observed, 
in  connexion  with  this  subject,  Haidinger  concluded,  that  though  at 
a  low  temperature  and  solely  under  ordinary  atmospheric  pressure, 
a  solution  of  sulphate  of  magnesia  decomposes  dolomite,  under  a 
high  pressure  and  heat  the  reverse  would  take  place.  Estimating 
the  increase  of  temperature  from  the  surface  of  the  earth  downwards, 
and  the  probable  pressure  beneath  a  certain  amount  of  mineral  accu- 
mulations, M.  Haidinger  inferred,  that  at  a  temperature  of  200^ 
Centigrade,  and  under  a  pressure  equal  to  1 5  atmospheres,  this  would 
happen.  The  experiment  was  made ;  a  mixture  in  atomic  proportion 
of  sulphate  of  magnesia  and  carbonate  of  lime  was  subjectea,  in  a  tube 
of  glass,  hermedeuly  closed  at  both  ends,  and  exposed  in  a  modifi- 
cation of  Sir  James  Hall's  gun-barrel  apparatus,  to  the  pressure  and 
heat  calculated.  The  experiment  was  perfectly  successful ;  there  was 
complete  double  decomposition,  and  the  formation  of  the  double  car- 
bonate of  lime  and  magnesia  and  of  sulphate  of  lime  was  the  result. 
Although,  to  make  this  experiment  applicable  to  the  occurrence  of 
mixed  masses  of  dolomite  and  gypsum  in  nature,  we  have  to  suppose 
like  conditions  on  the  great  scale,  and  a  very  large  proportion  of  that 
soluble  salt,  sulphate  of  magnesia,  intermmgled  with  carbonate  of 
lime,  it  is  one  of  considerable  value,  as  showing  what  would  happen 
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under  a  given  heat  and  certain  pressure ;  the  latter  very  moderate,  even 
80  fathoms  of  water  giving  it,  and  therefore  a  very  slight  thick- 
ness of  rock.  The  nevr  arrangements  of  the  particles  of  mineral  matter 
from  heat  and  pressure,  under  conditions  for  the  free  motion  of  at 
least  a  portion  of  the  component  parts  of  rocks,  and  the  development 
of  the  forces  governing  the  arrangement  of  the  particles  when  free, 
are  daily  gaining  increased  attention.  It  is  no  douht  an  investigation 
requiring  extreme  care  and  caution,  but  it  is  one  from  the  aldlful 
pursuit  of  which  the  geologist  may  expect  a  considerable  increase  of 
Icnowledge.  While,  however,  we  by  no  means  neglect  the  changes 
and  mo^fications  mineral  masses  may  suffer  from  such  agencies,  let 
us  not  forget  the  causes  of  difference  in  original  accumuktions,  and 
those  other  changes  and  modifications  which  the  simple  infiltration  of 
new  substances  in  solution  among  the  particles  of  rocks  and  the  re- 
moval of  others  may  effect  during  the  lapse  of  thne,  not  neglecting 
the  relative  position  of  mineral  masses  at  different  periods,  a  consi- 
deration of  great  geological  importance. 

My  duties  as  your  President  now  terminate.  I  should,  however^ 
be  unworthy  of  the  uniform  kindness  and  effective  co-operation  ex- 
perienced from  you  throughout  the  two  years  during  which  you 
have  honoured  me  with  your  confidence,  were  I  to  retire  without 
expressing,  in  all  sincerity,  my  most  unfeimed  thanks  for  that  as- 
sistance in  the  performance  of  my  duties  without  which  your  Presi- 
dent could  but  ill  dischai^  them.  After  an  experience  of  thirty-two 
years  of  the  kind  brotherly  feeling  which  prevails  amone  us,  perhaps 
there  was  little  reason  to  expect  that  the  indulgence  and  forbearance 
enjoyed  by  my  predecessors  should  not  be  extended  to  me.  It  never- 
theless has  been  peculiarly  gratifying,  pressed  as  I  have  been  by 
public  duties,  to  find  my  endeavours  to  maintain  our  old  effectiveness 
so  indulgently  viewed,  and  I  trust  that  whatever  may  have  been 
my  faults,  want  of  anxiety  for  your  prosperity  and  of  an  earnest 
desire  for  the  advance  of  our  science  will  not  be  found  among  them.  I 
now  resign  this  chair  to  one  who  has  previously  occupied  it,  whose 
contributions  to  our  Society  have  been  numerous  and  importsuit,  and 
whose  writings  have  so  materially  advanced  the  science  of  geology, 
feeling  confident  that  in  Sir  Charles  Lyell  you  will  have  a  I^sident 
in  every  way  fitted  for  the  office,  and  one  who  can,  and  vnll,  devote 
his  time  and  attention  to  the  welfare  of  our  Society  and  to  the  means 
it  possesses  of  promoting  the  progress  of  that  branch  of  knowledge 
for  the  cultivation  of  which  we  are  here  associated. 
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May  3,  1848. 

John  Donington,  Esq.,  was  elected  a  Fellow  of  the  Society. 

The  following  communications  were  then  read : — 

1.  On  the  Development  of  the  Permian  System  in  Saxony,  as 
eowtmunieated  by  Professor  Naumann  to  Sir  Roderick  Mur- 
CHisoN,  G.C.S.,  F.R.S.  &c. 

Those  geologists  who  have  attended  to  the  recent  progress  in  the 
^assification  of  the  paleeozoic  rocks  may  well  suppose  that  I  was 
highly  gratified  hy  receiving  the  letter  from  Professor  Naumann  of 
Lopsic,  of  which  I  now  send  a  translation.  The  reasons  for  the 
adoption  of  the  term  Permian  were  so  thoroughly  explained,  first  in 
a  letter  addressed  hy  me  to  Dr.  Fischer  of  Moscow*,  next  in  com- 
munications to  the  Geolodcal  Society  of  London,  and  lastly  in  the 
work  on  Russia  and  the  Ural  Mountains,  that  I  hare  now  only  to 
refer  to  those  documents.  But  I  would  specially  call  attention  to  the 
first  pages  in  the  tenth  chapter  of  the  last-mentioned  work,  because 
they  were  written  after  a  visit  to  Thuringia,  Saxony  and  Silesia,  which 
confirmed  and  extended  the  view  I  had  adopted  from  the  surrey  oi 
Russia ;  viz.  that  the  Zechstein  and  Kupferschiefer  were  mere  sub- 
ordinate members  of  a  great  red  sandstone  group,  of  which  the 

*  PhU.  Mag.,  Dec.  1841. 

▼OL.  V. — PART  I.  B 
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Both-liegende  was  the  base,  and  in  wliich  the  Zechstein  was  coTered 
confonnably  by  another  red  sandstone  which  had  previously  been  erro- 
neously united  with  the  Trias.    My  colleagues,  De  Vememl  and  Key- 
serling,  having  cooperated  with  me  in  estabhshing  the  independence 
of  this  group  as  developed  upon  so  large  a  scale  in  the  eastern  regions 
(Permia)  of  European  Russia,  in  showing  that  by  its  fauna  and  flora 
it  must  be  viewed  as  the  uppermost  of  the  pakeozoic  systems,  it  was 
indeed  evident  that  some  smgle  name  must  be  appUed  to  it,  and  hence 
Permian  was  adhered  to,  the  word  being  derived  from  a  vast  region 
(twice  as  large  as  France)  where  the  strata  of  this  age  are  copiously 
exhibited.     No  other  general  term  had  been  applied  to  the  eronp  in 
question;  for  although  my  excellent  friend  M.  d'Omalius  d'Halloy 
had  used  the  term  Pen^n,  that  word  having  been  applied  by  him  to 
characterize  a  *'  sterile "  conglomerate  only  which  overhes  the  coal- 
measures  of  Belgium,  it  was  evident  from  its  very  import  that  the 
name  could  not  be  extended  to  a  compound  group  of  sandstone,  lime- 
stone, schists  and  conglomerates,  which  instead  of  being  sterile  was 
clearly  characterized  by  its  organic  contents.     It  is  in  this  compre- 
hensive sense  that  I  have  employed  the  word  Permian  in  the  small 
Geological  Map  of  England  and  Wales  published  by  the  Society  for 
the  Diffusion  of  Useful  Eoiowledge.     The  country  of  all  others,  how- 
ever, in  which  the  new  term  seemed  least  likely  to  be  received  was 
Germany,  where  my  eminent  contemporary,  Lec^ld  von  Boch,  was 
most  anxious  that  the  group  should  be  named  from  the  Zechstein  so 
long  known,  and  wh6se  fossils  had  mainly  contributed  to  prove  the 
character  of  the  system.     Feeling  the  force  of  this  appeal,  I  endea- 
voured, in  deference  to  my  friend,  to  alter  the  name  rermian  which 
had  been  announced ;  but  finding  it  to  be  impracticable  to  elicit  from 
"  Zechstein"  a  term  which  could  have  passed  current  in  the  French, 
English  and  Italian  languages,  the  euphonious  synonym  Permian  was 
continued.    I  need  not  remind  English  geologists  of  the  desirableness 
of  having  some  general  name  for  their  ''lower  new  red  sandstone" 
and  ''magnesian  Bmestone  ; "  and  as  I  now  find  that  a  distinguished 
German  professor,  whose  geological  maps  are  an  honour  to  our  age, 
has  spontaneously  come  to  the  same  conclusion  for  his  own  country, 
I  have  the  best  hopes  that  the  Permian  System  will  henceforward  be 
recognized  as  founded  on  researches  which  proved  it  to  be  the  upper- 
most member  of  the  palaeozoic  series  over  an  area  of  enormous  mag- 
nitude. 

The  following  is  the  letter  of  Professor  Naumann : — 

Roderick  I.  Murchison. 

Rome,  February  19, 1848. 

**  Leipsic,  January  6, 1848. 
**  I  hasten  to  inform  you  that  the  sandstones  and  schistose  clays 
of  the  environs  of  Oschatz,  which  are  so  loaded  with  impressions 
of  Lycopodites  or  Walchia,  and  which  at  first  I  considered  to  be  of 
the  carboniferous  age,  develope  more  and  more  the  characters  of  your 
Permian  formation.  The  discovery  of  the  Calamites  gigaa  and  of  a 
fern  closely  allied  to  Sphenopieris  erosa,  together  with  the  differwic^ 
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of  most  of  the  species  of  plants  from  those  of  the  cod  (^frro^ 
ptrticGJarlj  induce  me  to  make  this  assertion.  Further,  many  of  the 
idithjolites  are  similar  to  the  Palseoniscus  or  Amhlypteris  and  to  the 
Xenacanthus  of  Beyrich.  The  tract  of  country  which  ftumishes  the 
data  I  now  communicate  is  almost  entirely  corered  hv  drift  (dilurium), 
and  it  is  through  trials  for  coal  that  my  knowledge  has  heen  ohtidned. 
In  addition  to  the  sandstones  and  argillaceous  scnists,  there  occurs  a 
refy  bituminous  combustible  schist  ^niich  is  charged  with  Cypris,  and 
fmns  beds  from  2  to  16  feet  thick,  wherein  the  fossil  fishes  are  con- 
tained. After  haying  in  yain  examined  by  means  of  a  draining  adit 
{a  a)  the  upper  stage  of  the  sandstone  and  schistose  day,  which  is  500 


ZadMtein.  8 

Sandsfeone  tnd  ■chfatoto  clay. 

feet  thick,  a  shaft  was  sunk  (b  b)  in  order  to  explore  the  lower  staee 
hj  a  gallery  (be).  A  number  of  fossil  plants  were  found  in  this  shut, 
Yis.  Calamites  3  species,  Sphenopteris  4  or  5  sp.,  Odontopteris  2  sp., 
Peoopteris  1  sp.,  Neuropteris  1  sp.,  Lycopodites  or  Walchia  1  sp. 
The  bituminous  schist,  it  may  be  obsenred,  was  passed  through  be- 
tween 6  and  c. 

'*  Now  all  these  strata  so  resemble  those  of  the  coal-fields  that  they 
might  well  indeed  be  mistaken  for  them.  But  such  an  interpretation 
would,  I  am  conyinced,  be  erroneous ;  and  I  conceiye  that  all  the 
lower  strata,  which  consist  of  white  sandstone  and  greyish  schists,  and 
which  attain  a  thickness  of  more  than  800  feet,  cannot  be  anything 
dse  than  the  lower  stage  of  the  Both-lieffende  (lower  new  red  c« 
England).  From  that  stage,  or  No*  1,  the  following  then  is  the 
ascending  order:  2.  Quartziferous  porphyry.  3.  Bed  sandstones. 
4.  Zechstein  (magnesian  limestone  of  l^gland).  5.  Bed  and  mot- 
tled sandstones  and  clays. 

'*  The  last-mentioned  band  does  not  belong  to  the  Trias,  but  to  the 
same  formation  as  the  Both-Uegende.  That  name  is,  howeyer,  no 
kmger  applicable  to  a  formation,  the  greatest  part  of  which  is  of  white 
and  ffrey  colours ;  and  as  to  the  Zechstein,  it  is  here  reduced  to  a  band 
wh]<3i  yaries  from  30  to  60  feet  in  thiclmess  only.  Hence  it  is  that 
I  prefer  the  denomination  of  Permian  as  proposed  by  you.  Sir ;  and 
this  term  is  the  more  applicable  to  the  strata  of  Oschatz,  inasmuch  as 
by  all  their  relations  they  approach  much  more  to  the  Bussian  than 
to  the  Thuringian  formation  of  the  same  age. 

"  GeneraUy  spealdng,  the  lower  member  of  our  Boih-li^ende  is 
represented  by  white  or  erey  sandstones  and  grits,  as  at  Bohrlitz  for 
example,  where  they  attam  a  thickness  of  200  feet ;  and  again,  the 

*  The  upper  red  stnditone  (5)  does  DOt  occur  in  Professor  Ntnmann's  dUgnm, 
probftbly  becanse  it  is  not  seen  at  Oschatz ;  but  I  have  added  it  in  order  that  the 
Sgnre  may  agree  witii  his  table  of  superposition.  This  upper  sandstone  is  indeed 
seen  in  that  relation  in  many  other  places  in  Saxony,  Thnringia,  &c,  and  has  been 
so  classified  by  me.    (See  Russia  and  Ural  Monntains,  toI.  i.  p.  199-203.) 

b2 
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beds  at  Zwickau,  which  M.  Gutbier  has  distinguished  by  the  name 
of  'graues  conelomerat,'  are  nothing  more  than  the  base  of  the 
Roth-liegende  of  Germany*" 

In  a  second  letter  to  Sir  Roderick  Murchison,  dated  NoTcmber  25, 
1848,  Professor  Naumann  says,  "  In  reply  to  your  letter  of  the  20th 
I  hasten  to  inform  you  that  I  agree  entirely  with  your  idea,  that  the 
Roth-liegende  and  the  Zechstein  together  constitute  but  one  and  the 
same  formation,  although  in  Germany  these  two  members  are  very 
often  distinctly  separated  from  each  other.     It  is  for  this  reason  that 
I  shall  always  preserve  this  distinction  in  any  description  of  the  Per- 
mian system,  such  as  it  presents  itself  in  our  country.     In  reference 
to  my  assertion,  that  the  coal-beds  of  Oschatz  are  separated  from  the 
Roth-liegende  by  porphyry,  the  term  Roth-liegende  was  there  used 
in  a  purely  petrographionl  sense,  as  signifying  a  sandstone  coloored 
red,  and  to  indicate  that  the  beds  whose  cliuEiracters  truly  rq>resent 
what  may  be  called  Roth-liegende  commence  in  this  section  above  the 
porphyry  only.     At  all  events,  these  red  beds  are  only  part  of  the 
same  whole  which  includes  the  grey  beds  below  the  porphyry,  the 
latter  rock  being  intercalated  in  the  middle  of  the  Permian  sandstone. 
This  takes  place  both  near  Oschatz  and  Rohrhtz,  though  the  pheno- 
menon is  more  clearly  seen  near  the  last-mentioned  town,  as  is  exhi- 
bited in  the  14th  sheet  (Grimma)  of  our  geological  map.     PoUtical 
troubles  have  interfered  with  the  working  researches  near  Oschats, 
but  tranquillity  beine  restored,  they  will  be  renewed  in  the  spring. 
In  the  mean  tune,  M.  Gutbier  will  give  a  description  of  the  Permian 
flora  of  Saxony,  the  Saxon  fauna  of  the  same  system  having  been 
already  published  by  M.  Gemitz.'' 

December  26, 1848. 

2.  On  Change  of  Climate  remdting  from  a  Change  in  the  Earth^s 
Axi9  of  Rotation,     By  Sir  John  Lubbock,  Bart.,  F.R.S. 

[Communicated  in  a  letter  to  Charles  Lyell,  Esq.,  V.P.G.S.] 
I  HAVE  thought  a  good  deal  upon  phsenomena  indicative  of  a  chai^ 
in  the  climate  of  places  on  the  earth's  surface  and  of  changes  in  the 
relative  position  of  land  and  water,  and  as  this  is  a  subject  to  which 
you  have  devoted  so  much  attention,  I  wish  to  know  whether  you 
think  the  following  speculations  of  any  value,  or  whether  you  tmnk 
they  have  already  been  anticipated  by  any  mathematician. 

It  follows  from  the  theory  of  rotation  of  a  solid  body,  as  is  well 
known,  tlmt,  1 .  If  a  body  revolves  about  certain  axes  which  are  called 
principal,  and  no  extraneous  force  acts  upon  the  body,  it  will  con- 
tinue to  do  so  for  ever. 

So  in  the  case  of  the  earth :  if  £Q  is  the  equator 
and  P  the  pole,  if  the  earth,  as  is  supposed,  re- 
volves at  jpresent  about  CP  the  axis  of  figure,  as 
this  is  a  principal  axis,  it  will  continue  to  do  so  for 
ever,  and  has  done  so  since  the  origin.  Hence  the 
geographical  latitude  of  any  place  on  the  earth's 
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surface  remams  unchanged ;  no  cliange  of  climate  can  obtain  except 
from  a  change  in  the  internal  temperature,  or  in  the  sun,  the  source 
of  heat. 

But  a  change  in  climate  alone  is  not  sufficient  to  account  for  geo- 
Ic^cal  changes,  which  indicate  that  water  now  covers  land  formerly 
drjf  and  vice  versd. 

The  preceding  conclusions  are  not  modified  by  the  attraction  of 
the  moon,  or  by  those  causes  which  produce  the  precession  of  the 
eouinoxes,  so  tliat  at  Greenwich  for  example  the  latitude  remains,  as 
Mr.  Airy  informs  me,  absolutely  unchanged  within  those  limits  of 
whidi  the  errors  of  the  observations  are  susceptible.  If  however  we  go 
back  to  the  origin,  it  is  unlikely  that  when  the  earth  was  first  set 
spinning,  the  axis  of  rotation  should  exactly  coincide  with  the  axis  of 
figure,  unless  indeed  it  were  all  perfectly  fluid.  We  may  however 
go  back  to  some  time  less  remote,  and  suppose  the  axis  of  rotation 
not  coinciding  with  the  axis  of  figure,  and  the  earth  in  a  semi-fluid 
state,  or  rather,  in  consequence  of  the  diflerent  degrees  of  fusibility 
of  d^erent  substances,  partly  solid  in  irregular  masses  and  partly 
fluid.  We  then  advance  to  another  period  more  recent  in  which 
the  earth  consisted  of  land  and  water,  and  was  suited  for  the  support 
of  animal  life.  We  may  if  we  please  consider  this  as  the  original 
state.  The  only  hypothesis  I  wish  to  insist  upon  as  essential  is,  that 
the  axis  of  rotation  had  not  the  same  geographical  position  as  at 
present. 

In  order  to  take  the  simplest  case  of  the  effect  which  a  displace- 
ment of  the  axis  supposed  possible  may  have  had  upon  the  relative 
positions  of  land  and  water,  suppose  the  solid  part  of  the  earth  to 
consist  of  a  spheroidal  nucleus  revolving  about  the  axis  CP.  The 
effect  of  this  would  be  to  throw  the 
water  into  the  position  IKML  about 
the  equator,  the  greater  or  less  pro- 
tuberance being  caused  by  the  greater 
or  less  velocity  of  angular  rotation. 
It  is  evident  that  if  the  body  after 
any  length  of  time  moved  about  any 
other  axis  of  rotation,  the  water 
would  occupy  a  position  about  the  new  equator,  land  would  become 
sea  and  sea  land,  &c.  &c. 

Now  suppose  a  point  situated  at  D  with  latitude  QCD,  revolving 
about  the  axis  CP  and  submerged,  were  after  a  lapse 
of  time  to  revolve  about  an  axis  CP  and  having 
latitude  DCQ',  it  would  cease  to  be  submerged,  but 
at  the  same  time  would  be  in  a  colder  climate,  which 


is  consistent  with  what  you  find  takes  place  in 
Europe  (vol.  i.  p.  1 55) ;  but  if  we  consider  what 
takes  place  at  the  point  D'  situated  at  a  distance 


of  180°  longitude  from  D,  we  find  precisely  the  reverse :  primitively 
dry  the  point  D  will  become  covered  by  sea,  and  will  acquire  a  hotter 
climate.  The  countries  differing  in  longitude  from  us  by  180°  are  at 
present  submerged  by  the  Pacific. 
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The  solid  nudeuB  of  the  earth  is  not  a  sphere,  hut  a  sphermd ;  and 
if  we  suppose  the  axis  of  rotation  at  any  time  to  have  occupied  a 
different  place  from  that  which  it  occupies  at  the  present  time,  and 
not  identical  with  the  ads  of  figure,  if  any  resistance  exista,  it  would 
cause  the  pole  of  the  axis  of  rotation  to  describe  a  spiral  round  the 
pole  of  the  axis  of  figure,  and  finaUy  it  would  become,  as  it  is  at  pre- 
sent, identical  with  it.  Moreover  you  would  necessarily  have  a  duunge 
in  the  relative  positions  of  sea  and  land. 

If  the  axis  of  rotation  could  suffer  such  a  displacement  by  reason 
of  Uie  causes  which  produce  the  precession  of  the  equinoxes,  you 
would  have  another  and  a  more  natural  way  of  accounting  for  the 
existing  phsenomena ;  but  this  has  been  held  to  be  impossible. 

If  we  admit  the  rotation  of  the  earth  to  take  place  under  sui^ 
conditions  that  the  surface  experiences  any  firiction  (i.  e.  resiatance, 
which  Laplace  did  not  consider),  then  the  inyariabihty  of  geographical 
latitude  which  exists  otherwise,  noticed  by  L^laoe  (yol.  v.  M6c.  C^. 
p.  268),  b  not  a  necessary  consequence. 

Great  obstacles  interfere,  so  as  to  prevent  a  complete  eluddaticm  of 
this  question.  Putting  aside  the  great  difficulty  of  an  exact  and 
finished  solution  of  the  problem  of  the  rotation  of  a  body  in  a  resisting 
medium,  we  have  no  numerical  data  which  would  assist  in  deter- 
mining the  amount  of  such  resistance.  Still  less  do  we  know  the 
structure  of  the  strata  underneath  the  earth's  surfisu^  or  the  history 
of  the  changes  which  have  taken  place  during  the  process  of  cooling 
which  might  enable  us  to  trace  the  position  of  the  axis  of  rotation  m 
remote  times.  So  that  I  think  the  utmost  that  can  be  accomplished 
by  mathematics  is  to  explain  under  what  hypothesis  a  change  of  the 
position  of  the  axis  of  rotation  is  possible  or  not. 

In  the  M^.  061.  vol.  v.  p.  14,  Laplace  lays  it  down,  that  it  is  im- 
possible to  account  for  the  changes  which  have  taken  place  on  the 
surface  of  the  earth,  and  in  the  relative  positions  of  land  and  water,  by 
a  change  in  the  position  of  the  axis  of  rotation.  But  this  dictum  is 
found^  upon  the  absence  of  two  considerations,  both  of  which  i^pear 
to  me  to  be  essential : 

1 .  The  dislocation  of  strata  by  cooling ; 

2.  The  friction  of  the  surface. 

If  the  earth  were  at  any  remote  epoch  a  homogeneous  spheroid, 
formed  for  example  of  any  one  pure  metal  in  a  state  of  fusion,  then, 
in  the  process  of  cooling,  I  doubt  not  that  the  mass  would  always  be 
made  up  of  concentric  spheroids,  so  that  it  would  always  revolve 
about  the  same  principal  axis  of  rotation,  which  would  never  deviate 
from  the  axis  of  figure.  But  the  condition  of  the  earth  which  reaUy 
obtains  is  so  very, far,  as  we  know,  from  being  that  of  homo^enei^, 
that  it  seems  to  me  quite  within  the  limits  of  possibiHty,  that  m  cool- 
ing the  position  of  the  axis  of  rotation  may  have  changed,  apart  from 
the  influence  of  friction  at  the  surfiice. 

With  regard  to  the  second  consideration,  although  not  alluded  to 
in  p.  14  of  the  M^.  C^.  vol.  v.,  it  is  expressly  referred  to  by  L^laoe 
at  p.  254  of  the  same  volume.  The  iiiequaUties  to  which  L^lace 
there  alludes,  and  which  he  supposes  and  admits  may  have  existed 
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and  may  haye  become  obliterated  by  friction  at  the  swrhce^  are  pro- 
portional in  amount  to  the  sine  of  the  co^atitude  of  the  pole  of  the 
axis  of  rotation,  and  could  not  exist  if  the  axis  coincided^  as  it  does 
now,  with  the  axis  of  figure. 


3.  jin  Elmcidatum  of  the  sueceuive  Changes  of  Temperature  and  the 
Levels  of  the  Oceanic  Waters  upon  the  Earth* e  Surface,  in  har- 
mony with  Geological  Evidences.  By  William  Dbvgnshirb 
Saull,  Esq.,  F.R.S.A.,  &c. 

This  paper  commences  with  an  investigation  of  matter  in  its  various 
forms,  and  proposes  a  new  view  of  the  nature  of  heat  and  light.  The 
anthor  next  states  that  the  poles  of  the  earth  are  not  fixed  and  inva- 
riable  in  position,  as  astronomers  generally  suppose,  but  are  in  con- 
tinual motion.  From  these  various  causes  combined  he  then  deduces 
a  new  theoij  to  account  for  the  alternations  of  climate  and  the  changes 
in  the  relative  level  of  sea  and  land  observed  by  geologists. 


May  17,  1848. 

J.  B.  Logan,  Esq.,  Sinninore,  and  the  Rev.  John  Thornton,  B.A., 
Kimbolton,  were  elected  Fellows  of  the  Society. 

The  following  communications  were  read : — 

I .   On  some  Fossili/erous  Beds  in  the  Silurian  Rocks  o^  Wigtown- 
shire and  Ayrshire.    By  J.  Carrick  Moore,  Esq.,  Sec.  G.S. 

The  difficulbr  of  assigning  to  the  great  chain  of  rocks  of  the  south 
<^  Scotland  their  true  pli^  in  the  geological  series,  arises  from  the 
rarity  of  fossil  remains,  and  from  the  want  of  beds  with  such  well- 
marked  mineral  character,  as  to  enable  the  observer  to  determine 
their  superposition.  Part  of  this  obscurity  has  been  lately  removed 
by  Mr.  Nicol's  description  of  fossiliferous  beds  in  the  valley  of  the 
Tweed  (Greol.  Joum.  vol.  iv.  p.  195)  ;  and  as  any  additional  infor- 
mation, however  scanty,  may  be  interesting,  I  sfaiall  briefly  describe 
the  looidities  in  Wigtownshure  and  the  south  of  Ayrshire  where  I 
have  found  fossils,  commencing  with  some  account  of  the  general 
structure  of  the  country. 

The  description  given  by  Mr.  Nicol  of  the  physical  structure  of 
Peeblesshire  applies  in  the  main  to  Wigtownshure  and  the  south  of 
Ayrshire.  There  is  the  same  prevalent  strike  in  an  E.N.E.  direction, 
a  system  of  valleys  nmnine  parallel  to  the  strike  formed  by  the  con- 
volutions of  the  rocks,  with  another  transverse  system  of  valleys  at 
riffht  angles  to  the  former,  remarkably  equidistant,  and  through 
which  the  principal  drainage  of  the  country  is  effected.  The  rivers 
Stincher  and  Finnart  are  instances  of  the  former  system ;  the  Cree, 
Uie  Bladenoch  and  the  Tarf,  the  Luce,  and  the  Piltanton  of  the 
latter.    The  bays  of  Loch  Ryan  and  Glenluce  form  another  instance 
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of  this  transverse  system.  They  are  shallow  bays,  nowhere  exceeding 
seven  fathoms  in  depth,  separated  by  an  isthmus  about  nine  miles 
broad  of  low  land,  consistmg  entirely  of  boulder  clay,  loose  sandi^ 
and  peat  bogs.  The  whole  country,  as  we  proceed  fit)m  the  bi^hest 
mountains  of  Kirkcudbrightshire  towards  the  west,  becomes  less  and 
less  elevated  above  the  sea ;  so  that  an  amount  of  depression,  nvhich 
in  the  more  eastern  part  of  the  chain  would  form  a  valley  with  a  river 
flowing  through  it,  becomes  an  arm  of  the  sea  as  we  advance  to  the 
west. 

That  this  transverse  system  of  valleys  or  fissures  is  of  high  geo- 
logical antiquity,  seems  indicated  by  the  fact,  that  the  most  vyestem 
of  these  depressions,  the  bay  of  iJoch  Ryan,  is  partly  occupied  by 
unconformable  strata  of  clay,  sandstone,  and  conglomerate  about  400 
feet  thick,  the  lowest  bed  of  which  contains  Stigmaria  ficoides  and 
Calamites.  A  fracture  therefore  had  occurred  across  the  greywacke 
range,  and  a  valley  had  been  scooped  out  in  it  prior  to  the  deposition 
of  these  secondary  rocks :  and  as  this  bay  appears  to  be  one  of  a 
system,  it  would  follow  that  all  these  parallel  fissures  took  place  pre- 
vious to  the  deposition  of  the  coal-measures. 

The  rocks  consist  of  the  usual  varieties  of  coarse  and  thin-bedded 
ereywacke,  and  clay-slate  in  which  true  slaty  cleavage  can  never  be 
detected,  with  occasional  intervening  beds  of  plutonic  rock,  which  in 
Wigtownshire  is  usually  felspathic,  varying  from  a  nearly  pure  felspar 
rock  to  a  syenite. 

These  plutonic  rocks  appear  to  follow  the  direction  of  the  sediment- 
ary beds,  and  to  be  interstratified  with  them ;  yet  I  am  persuaded  they 
are  most  frequently,  if  not  always,  of  an.  intrusive  character.  The  great 
extent  of  coast  in  Wigtownshire,  washed  by  a  boisterous  sea,  affords 
favourable  opportunities  for  observing :  near  the  Corswall  lighthouse, 
for  example,  an  extent  of  many  acres  is  washed  bare  by  thelrish  Sea. 
hi  such  situations  (and  they  are  numerous),  whenever  a  bed  of  plu- 
tonic rock  is  traced  far,  it  will  be  found  to  cut  transversely  across  the 
gre^acke  beds,  which  are  thus  seen  to  abut  against  it.  The  plu- 
tomc  rock  generally  resumes  its  direction  between  the  beds ;  so  that 
if  the  point  where  it  traverses  them  were  not  exposed,  it  might  lead 
to  false  oonclusions.  The  sedimentary  beds  are  usually  altered  near 
their  contact ;  they  become  more  or  less  porphyritic,  quartz  veins  are 
frequent  in  the  vicinity  of  the  trap,  dark  shales  become  white  and 
sometimes  red ;  and  tnese  effects  are  seen  on  both  sides,  and  to  the 
same  distance  from  the  dyke. 

I  shall  now  describe  briefly  the  section  exhibited  along  the  Irish 
Channel  firom  the  Mull  of  Galloway  to  Corswall  Point. 

At  the  Mull  of  Galloway  and  for  some  distance  to  the  north,  the 
beds  are  nearly  vertical.  From  the  hill  called  Dunman  to  a  point 
half-way  between  Portencorkrie  Bay  and  Clanyard  Bay,  the  coast  for 
about  two  miles  consists  of  granite,  which  covers  a  rectangular  sur- 
face, extending  about  two  miles  inland  to  the  eastward:  it  is  a 
quadruple  granite  of  quart?,  felspar,  mica,  and  hornblende,  sometimes 
pink,  but  principally  grey ;  it  is  distinctly  columnar,  dividing  into 
prisms  about  a  foot  square,  and  is  too  subject  to  decomposition  to  be 
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used  for  any  but  the  poorer 
farm-houses.  I  have  thought 
this  granite  worth  mentioning, 
as  I  am  not  aware  that  any  has 
been  described  as  occurring  be- 
tween that  of  Caimsmuir  on  the 
aptoiitea.  Cree  in  Kirkcudbrightshire,  and 
that  of  the  Mome  Mountains  in 
County  Down. 

From  the  bay  of  Dmmore  to 
the  Grennan,  a  distance  of  one 
mile  and  a  half^  a  mass  of  slates 
which  have  been  used  for  roofing 
piuposes  dips  to  the  north  at  a 
high  angle  ;  and  after  passing  a 
great  mass  of  syenite  at  Caim- 
garroch,  which  has  altered  the 
neighbouring  rocks  and  invaded 
them  in  the  form  of  dykes,  we 
arrive  at  the  Morroch  JBay,  one 
mile  and  a  half  south  from  Port 
Patrick;  here  a  thick  mass  of 
shales,  black,  red  and  grey,  in 
a  Tcrtical  position,  occurs  inter- 
stratified  with  syenite  and  red 
earthy  trap :  the  black  shales  are 
in  some  places  full  of  grapto- 
lites;  they  are  remarkably  fissile, 
splitting  readily  as  thin  as  a  card, 
and  their  surfaces  are  marked  by 
minute  specks  of  iron  pyrites. 
The  red  shales  are  similar  to 
them  in  every  respect,  except  in 
colour,  and  in  not  containing 
fossils, — differencesprobablydue 
to  their  greater  proximity  to  the 
trap.  Proceeding  thence  to  the 
north  beyond  Port  Patrick,  after 
passing  much  greywacke,  so  in- 
terfered with  by  a  dark  serpen- 
tinous  trap,  as  scarce  to  present 
a  trace  of  stratification,  we  arrive 
at  the  bay  of  Porto  Bello  near 
Caimbrock,  where  there  is  a  con- 
siderable tUckness  of  slaty  shales 
and  flags,  containing  eraptolites, 
and  what  appears  to  Be  the  cast 
of  a  Mytilus.  These  beds  dip  to 
the  south  at  a  high  angle.  About 
a  mile  and  a  half  further  north. 
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(the  beds  still  uninterruptedly  dipping  south,)  at  the  Dally  BaT» 
graptolites  again  occur  in  a  red  flag  or  tilestone.  Still  further  north, 
the  beds  for  about  a  mile  have  a  reversed  dip  to  the  north,  after 
which  they  recover  their  southerly  dip,  then  gradually  become  vertica], 
and  at  the  extreme  north  point  of  the  peniiwula  they  plunge  into  the 
sea  at  a  very  high  anele  to  the  north.  These  vertical  wad  highly 
inclined  beds  near  the  Corswall  Lighthouse  are  very  remarkable  from 
their  containing  beds  of  conglomerate  of  a  coarser  nature  than  any  I 
have  ever  seen  described  as  occurring  in  so  old  a  formation,  vnth  the 
exception  of  those  of  the  Potsdam  sandstone,  described  by  Mr.  LyeQ 
as  old  Silurian.  The  fragments  generally  vary  from  the  size  of  one 
inch  to  a  foot  in  diameter ;  but  in  some  of  the  beds,  boulders  of  three, 
four,  and  even  five  feet  diiuneter  occur.  They  are  well-rounded,  and 
principally  consist  of  red  quartziferous  porphyry  and  a  large-grained 
grey  ^emte ;  but  serpentine,  red  jasper,  and  other  rocks  occur ;  and  I 
have  found  one  or  two  instances  of  large  angular  fragments  of  grey- 
wacke.  There  are  no  rocks  in  the  neighbourhood,  as  far  as  I  know, 
from  whence  any  of  these  rounded  fragments  could  have  been  derived : 
serpentine,  it  is  true,  occurs  in  great  quantity  at  the  Bennan  Head, 
two  miles  and  a  half  north  of  Ballantrae  ;  but  it  can  be  proved  that 
that  serpentine  is  of  a  considerably  newer  date,  since  it  haspenetrated 
and  altered  sandstones  newer  than  the  coal-measures.  Tne  matrix 
of  this  conglomerate  is  sometimes  a  green,  trappean-looking  sand- 
stone of  exceeding  toughness,  and  sometimes  an  indurated  sandstone 
indistinguishable  from  many  common  varieties  of  greywacke.  The 
beds  are  well-exposed  for  a  ffT^  extent ;  they  are  cut  across  in  many 
places  at  right  angles  to  Uxeir  strike  by  deep  fissures,  resembling 
those  in  Arran  and  elsewhere  occasioned  by  the  decomposition  of  a 
trap  dyke.     These  fissures  a£ford  abundant  evidence  that  these  con^ 

§lomerates  are  vertical  beds,  in  every  respect  conformable  to  the 
aggy  greywacke  which  is  found  to  the  north,  to  the  south,  and 
sometimes  interstratified  with  them.  Their  vertical  position  is  in- 
dependently shown  by  the  smaller  pebbles  being  arranged  in  per- 
pendicular layers,  and  by  the  greater  diameters  of  the  larger  boulders 
being  vertical. 
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CroaBUig  from  the  peninsula  to  the  mainland  at  the  Cairn,  a  great 
thickness  of  slates  occars»  containing  graptolites  in  abundance; 
and  rathar  more  than  a  mile  to  the  north,  red  fla^y  beds  exactly 
like  those  at  the  Dally  Bay  contain  the  same  fossil.  iconceiTC  these 
two  sets  of  beds  to  be  the  prolongation  of  those  before  mentioned  at 
Caimbrock  and  Dally  Bay;  my  reasons  being,  that  the  beds  are 
nearly  in  the  line  of  strike ;  the  distance  between  the  two  across  the 
hne  of  strike  is  about  the  same,  while  their  inclination  in  both  cases 
is  at  a  high  angle,  and  to  the  same  point  of  the  compass ;  and  the 
two  beds  on  the  Irish  Sea  in  mineral  dbaracter  are  respectiyely  similar 
to  the  two  on  the  east  side  of  Loch  Ryan.  Moreover,  on  the  west 
shore  of  Loch  Ryan,  at  a  S|>ot  called  Slou^hnagarry,  in  a  line  between 
the  two  most  northern  fossiliferous  deposits,  I  have  found  the  same 
mptoHtes  in  exactly  similar  red  flags  ;  and  these  are  the  only  loca- 
fities  in  the  neighbourhood  where,  after  much  searching,  I  have 
^rand  fossils.  If  it  be  objected,  that  in  this  view  the  Cairn  slates 
ought  to  be  found  on  the  west  shore  of  Loch  Ryan,  to  the  south  of 
Sloughnagarry,  I  answer,  that  the  older  rocks  are  covered  on  that  side 
of  the  bay  for  some  miles  by  newer  formations. 

From  the  Cairn  to  the  entrance  of  Glen  App,  a  distance  of  about 
three  miles,  the  rock  has  always  a  south  dip.  I  am  unable  to  state 
what  the  dip  is  from  thence  for  about  three  miles  across  the  strike ; 
tiU  on  reaching  the  valley  of  the  Stincher,  we  find  a  limestone  which 
I  have  traced  along  that  river  in  five  distinct  localities :  in  all  of  these 
it  is  highlv  indined  with  a  dip  to  the  south.  Its  most  western  ap- 
pearance IS  at  a  quarry  near  the  mountain  of  Knockdolian,  distant 
about  three  miles  ^m  Ballantrae.  It  bears  about  N.E.  by  E.  and 
is  much  interfered  with  by  serpentine,  of  which,  judging  ^m  a  hasty 
examination,  the  hill  of  Knockdolian  seems  to  consist.  The  lime- 
rtone  shows  itself  again  by  the  road-side  with  the  same  strike  about 
half  a  mile  further  up  the  river,  where  it  is  not  worked ;  again  at 
Craigneel  near  the  village  of  ColmoneU,  bearing  N.E.  by  N.,  where 
it  has  been  extensively  worked ;  next  at  a  place  on  the  road-side, 
about  one  mile  and  a  half  above  Colmonell ;  and  lastly  near  Dal- 
jerrick.  Although  four  of  these  localities  occur  on  the  north  and 
one  (CIraigneel)  on  the  south  side  6f  the  river,  whose  course  runs 
parallel  to  the  bearing  of  the  beds,  jet  1  suspect  that  this  arises  from 
dislocation,  and  not  nrom  there  being  more  than  one  bed.  Craig- 
neel, which  is  the  greatest  deviation  from  the  line  of  bearing,  contains 
the  same  fossils  as  Knockdolian  ;  in  short  traverses  which  I  made,  I 
was  unable  to  find  a  second  bed  ;  and  the  farmers  have  no  knowledge 
of  anv  other  locality  than  those  mentioned ;  testimony  not  to  be  n^- 
lected  in  a  country  which  derives  almost  all  its  lime  for  agricultural 
purposes  from  Ireland.  The  limestone  is  only  worked  at  ISlnockdo- 
uan  and  Craigneel,  and  at  this  last  place  the  works  seem  suspended 
for  fear  of  undermining  the  old  castle  of  Craigneel,  which  singularly 
enouffh  has  been  built  upon  the  only  bed  of  limestone  in  all  Galloway. 
The  bed  is  about  thirtv  feet  thick,  dipping  south  at  a  high  angie, 
which  dip  I  ascertained  to  continue  for  some  hundred  yards  to  the 
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Bouthward.     In  the  centre  it  is  a  dark  grey  compact  limestone,  de- 
generating into  a  clayey  shale  at  the  oatside. 

The  fossils  which  I  extracted  from  it  have  been  snbmitted  to  Mr. 
Salter,  who  has  had  the  kindness  to  examine  and  minutely  describe 
them.  For  the  most  part  they  were  ill-preserred,  and  not  numerous ; 
with  the  exception  of  the  Orthides,  which  were  very  perfect,  and  at 
Knockdolian  were  in  tolerable  abundance.  I  hope  at  another  visit  to 
increase  the  list,  and  add  something  to  this  imperfect  sketch. 


Fig.  3. 
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Explanation  qf  Map, 

C^-^^::,  Silurian  rocks. 
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Red  conglomerate. 
Carboniferous  sandstones. 
i^Fclspar  porphyry,  &c. 
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2.  Note  am  the  Fossils  from  the  Limestone  on  the  Stincher  River, 
and  from  the  Slates  of  Loch  Ryan.  By  J.  W.  Salter,  Esq., 
F.G.S. 

The  fossils  from  the  limestone  are  decidedly  Lower  Silurian ;  and  I 
would  identify  them  at  once  as  l>eloi^;ing  to  the  same  epoch — ^pro- 
bably the  same  bed — as  those  which  Mr.  Nicol  brought  from  Peebles- 
shire ;  although,  with  the  exception  of  an  Orthis  and  a  Trilobite, 
there  are  no  fossils  common  to  the  two  collections.  Li  the  Peebles- 
shire locality,  Trilobites  in  plenty,  with  Cephalopods  and  Brachio- 
pods,  were  the  characteristic  fossils ;  in  this  case  we  have  only  spiral 
shells^  an  Orthis  and  a  Trilobite.  As  however  they  were  all  in  both 
cases  obtained  from  a  very  limited  area,  such  a  difference  does  not 
make  it  less  probable  that  they  belonged  to  the  same  strata ;  it  is 
merely  a  local  peculiarity,  and  may  perhaps  in  the  present  case  indi- 
cate a  less  depth  of  water. 
The  list  is  as  follows : — 

Pleurotomaria  Moorei,  new  species. 

y  another  species,  much  depressed. 

latifrisciata,  Portlock  ? 

Mnrchisoma  scalaris,  new  species.     Common  in  the  Bala  limestone. 

Euomphalus.  A  large  species  that  may  be  E,  qualteriatus^  Schloth. 
(imperfect). 

Euomphalus  ?  Large  reversed  species ;  rather  common,  but  imper- 
fect; its  shi^  reminds  us  of  the  large  Maclurea,  Hall,  from 
America. 

Orthis  eonfinis,  new  species. 

nUenus  Davisii,  Salter. 

The  last  two  species  are  those  found  also  in  Peeblesshire;  the 
fragment  referred  to  Ill^enus  Davisii  in  Mr.  Nicol's  paper  being  pro- 
babW  this  species ;  it  has  narrow  body-rings. 

None  of  the  species  brought  by  Prof.  Sedgwick  and  Mr.  Moore 
from  the  sandstone  of  Girvan  Water  appear  to  occur  in  this  limestone. 
The  fossils  of  the  red  slate  on  Loch  Ryan  are  Graptolites,  and 
Euomphalus  frreatus,  M'Ck)y,  a  species  also  found  in  the  black 
Llandeilo  flags  of  Wexford  and  Cardiganshire.  The  same  Graptohte 
occurs  in  the  black  slates  of  Loch  Ryan  and  the  black  shales  of  Wex- 
ford and  S.  Wales ;  one  in  the  red  slate  is  identical  with  G.  pristis, 
Portk>ck,  from  Tyrone.  Taking  the  two  bands  of  slate  toge^er,  we 
have — 

Euomphalus  frrcatus,  M'Coy. 

Graptolites  folium^  Hisinger. 

-pristis^  Hisinger  [as  figured  by  Portlock*.] 

tenuis^  Portlock. 

ramosusy  Hall. 

sextans.  Hall. 

t€enia,  new  species. 

*  Tbe  tpeciet  lo  ntmed  by  Portlock  is  possibly  not  that  of  Hisinger ;  some  spe- 
eimeDS  tppcar  identical  with  O.  mucrtmatusr  UsilL 
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In  these  localities  we  do  not  as  yet  find  the  O.  Sedgmekii,  so  abun- 
dant in  Peeblesshire  and  also  in  Tyrone ;  other  species  take  its  place. 

Description  of  the  Species, 
Pleurotomaria  Moorei,  n.  sp.     Plate  I.  fig.  1. 

Turbinate,  conical,  transrersely  ribbed ;  last  whorl  longer  than  the 
flpire  of  four  or  five  whorls,  which  are  somewhat  flattened;  it  has 
three  ribs  above  the  band,  and  an  angle  a  little  below  it,  from  thence 
the  base  is  smooth  and  flattened ;  umbilicus  none  ? ;  band  a  little 
prominent,  narrow,  placed  a  little  above  the  suture,  which  is  hardly 
channeled ;  mouth  rounded,  and  a  little  produced  below ;  shell  rather 
thick. 

This  is  presumed  to  be  a  Pleurotomaria,  from  general  analc^  and 
the  appearance  of  a  band,  but  the  lines  of  growth  are  not  visible  on 
our  specimen,  which  is  much  worn,  and  has  part  of  the  last  whorl 
broken  away ;  the  shell  when  perfect  must  have  been  2  inches  lonff . 
In  general  shape  and  proportion  exceedingly  like  an  undescribed  Lud- 
low species,  but  with  the  band  narrower  and  not  close  to  the  suture^ 
and  tne  ribs  less  numerous. 

Loc,  Lower  Silurian  limestone,  Stincher  River,  Ayrshire. 

Pleurotomaria  latifasciata,  Portlock? 

Syn.  Schizostoma  lati/asciatum,  Portl.  Geol.  Rep.     PI.  XXX.  fig.  4. 

Our  specimen  is  only  a  cast,  and  may  be  the  same  as  Portlock'a 
species ;  the  shape  of  the  whorls  is  very  similar. 
Loc,  Limestone  of  the  Stincher  River,  Ayrshire. 

MuRCHisoNiA  scALARis,  u.  sp.    Plate  I.  ^g.  2. 

Only  internal  casts,  supposed  to  be  the  same  as  a  common  Bala 
species ;  the  regular  sharp  angle  in  the  middle  of  each  whorl,  and 
the  elongate  shape  enable  us  easily  to  recognise  it. 

Loc,  Limestone,  Stincher  River,  Ayrshire. 

N.B.  The  exterior  of  perfect  specimens  shows  the  band  of  the 
genus  along  the  angle,  ana  the  fine  strise  curve  back  to  it  and  return 
again.  Hall  in  the  *  Palaeontology  of  New  York '  has  figured  many 
species  of  this  sroup  of  shells,  and  our  shell  may  possib^  be  one  of 
them ;  it  can  omy  be  named  provisionally. 

EuoMPHALUsT  ,  reversed  species.    Plate  I.  fig.  3. 

Sections  and  fraffments  of  this  curious  shell,  badly  preserved,  are 
not  uncommon  in  the  impure  limestone.  We  have  only  the  internal 
cast ;  tiie  shell  must  have  been  thick,  from  the  interval  between  the 
much-depressed  whorls,  which  are  flattened  above,  abruptly  rounded 
or  even  squarish  on  the  ed^ ;  and  the  base,  as  far  as  we  can  see,  is 
again  flat,  so  that  the  shell  is  nearly  discoid.  There  are  no  traces  of 
septa,  nor  are  the  whorls  really  free.  It  has  some  resemblance  to 
Maehtrea  tMigna,  Hall,  Palaeontology  of  New  York. 

Loc,  Greenish  muddy  limestone,  Stincher  River. 


Digitized  by  VjOOQIC 


1848.]     SALTER  OK  FOSSILS  FROM  THE  8TINCHER  RIVER.  15 

Orthis  confinis,  n.  sp.     Plate  I.  fig.  4. 

Bectangnlar,  transverse,  flattened,  irr^ularlv  and  coarsely  striated ; 
dorsal  valve  a  little  more  convex,  slightlv  channeled  or  depressed 
down  the  central  line ;  area  narrow,  vertical ;  ventral  valve  with  a 
slight  angnlar  ridge  down  the  middle ;  area  moderate,  obliqne ;  beak 
scarcely  projecting ;  ribs  in  both  valves  numerous,  irregularly  increa- 
sing in  number  at  a  short  distance  Arom  the  beak,  and  often  fasciculate 
in  twos  or  threes,  narrower  than  the  interstices,  which  are  smooth 
and  not  crossed  by  any  lines  of  growth. 

The  slight  depth  of  the  central  channel,  sometimes  hardly  visible, 
readily  distinguishes  our  shell  Arom  O.  vespertilio,  which  in  the  fas- 
ciculation  of  the  striae  and  general  form  it  resembles ;  but  the  ribs 
in  that  are  more  numerous,  closer,  and  broader  than  the  interstices. 
We  have  no  specimens  to  show  internal  structure. 

Loc.  Limestone  of  the  Stincher  River,  Ayrshire. 

Ilubnits  Davisii  (Salt,  in  Sedgwick  ined.). 

Although  pretty  certain  that  the  few  s^nents  of  the  body  we  pos- 
sess belong  to  the  species  common  in  the  DtHa.  limestone,  it  would  be 
out  of  jpla^  to  give  its  characters  here.  Possibly  the  fragments  may 
be  /.  ^owmanni,  Mem.  Greol.  Survey,  vol.  ii.  pt.  1,  but  the  segments 
appear  narrower,  and  therefore  more  like  the  Bala  species. 

Loc.  Limestone  of  Stincher  Biver,  Ayrshire. 

Fossils  of  the  Slates  of  Locn  Ryan  and  Coast  q/ Wigtownshire. 

EUOMPHALITS?   FURCATUS,  M'CJoy. 

Stn.  E./urcatus,  M'Coy,  Sil.  Foss.  Ireland,  pi.  1 .  fig.  1 1  (icon.  mala). 

An  impression  of  the  upper  side  of  the  last  whorl  of  a  species 
characteristic  of  the  Lower  Silurian  shales  of  S.Wales  and  Wexford ; 
it  differs  a  little  however,  for  the  lines  of  growth  are  not  sharply 
raised  as  in  the  Welsh  fossil,  a  difference  possibly  due  to  the  greater 
compression  of  the  slate,  or  perhaps  to  this  being  a  cast  of  the  upper 
nde. '  The  Welsh  specimens  show  only  the  base  of  the  shell. 

Loe.  In  reddish  slate  with  Graptolites,  Loch  Ryan. 

Graftolites  folittm,  Hisinger.    Plate  I.  fig.  5. 

Lower  portion  or  stem  linear,  strongly  dentate  below,  with  teeth  as 
broad  as  thcnr  are  prominent ;  upper  portion  much  broader,  obtuse, 
serrated,  with  close  narrow  teeth  projecting  forwards,  [the  whole  flat, 
with  no  projection  at  the  midrib,  and  very  thin  and  membranous  ?]. 

Although  Hinnger's  figure  is  so  short,  it  is  probably  a  fragment  of 
the  abov^escrib^  fossil,  verv  common  in  Lower  Silurian  shales. 
The  state  of  preservation  in  which  it  is  found,  on  the  faces  of  fine 
slates,  makes  it  unlikely  we  shall  be  able  to  get  at  the  thickness, 
texture,  or  minute  structure ;  indeed  it  was  probably  rather  mem- 
branous than  corneous. 

Loc.  Black  slate.  Loch  Ryan ;  red  slate.  Loch  Ryan. 
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.0.  PRI8TI8,  Hisitiger?,  Plate  I;  fig.  6. 
Syn.  G.  pristis,  Portlock,  Geol.  Rep.  pi.  19.  figs.  10  &  1 1. 

Our  specimen  is  the  base  of  the  stem^  and  has  not  yet  the  serm^ 
tures  distinctly  marked ;  this  b  also  the  case  wi^  some  of  Portlock'i 
specimens. 

Loc,  Red  slate,  Loch  Ryan. 

6.  PRISTI8  yar.  foliaceus,  Portlock. 
Syn.  G.  pristis,  Yor./oliaceus,  Pcnrtlock^  Geol.  Rep.  pi.  19.  fig.  9  a, 
Loc,  Black  slate,  Wigtownshire. 

6.  RAM08U8,  Hall,  Plate  I.  fig.  7* 
Syn.  G.  ramows,  Hall,  Paleont.  New  York,  pi.  73.  fig.  3. 

Axis  cleft,  the  branches  divergent  and  bearing  polype-cells  on  the 
outer  edge  only.  I  should  be  disposed  to  refer  ihia  to  G.  pristu,  for 
the  unbranched  portion  is  nnich  l^e  it,  and  such  a  monstrosity  does 
not  seem  unlikely  in  so  thin  a  plate,  with  a  double  series  of  cells.  We 
have  two  specimens  affected  m  tliis  way,  and  another  species  men- 
tioned afterwards. 

Loc.  Red  slate.  Loch  Ryan. 

6.  TiENiA,  Sowerby  and  Salter,  n.  sp.    Plate  I.  fig.  8. 

Linear,  very  long ;  axis  lateral,  slightly  thickened ;  a  thickened  rib 
runs  along  the  opposite  edge,  and  the  teeth  or  polype-cells  project 
very  little  beyond  it ;  they  are  appressed  along  the  eJge,  probably  on 
one  of  the  flat  sides,  the  teeth  scarcely  projecting ;  two  cells  together 
longer  than  the  stem  is  broad ;  stem  reticulate,  the  axis  crossed  by 
sharp  close  striee ;  a  short  rib  descends  obliquely  from  the  top  of  eacn 
cell  to  the  middle  of  the  stem  opposite  the  next  cell. 

The  last-mentioned  ridg6  may  mark  the  inner  boundary  of  the 
polype-ceU,  which  projects  so  Utile  in  this  pretty  species,  and  is 
therefore  very  likely  seated  upon  the  flat  side.  Our  cpecimen,  if  this 
be  the  case,  shows  the  barren  side  :  the  longitudinal  thickening  along 
the  polype-bearing  edge  is  very  curious ;  it  may  be  occasioned  oy  the 
superior  strength  of  the  cells  resisting  pressure. 

Loc.  Black  slate,  Wigtownshire. 

G.  TENUIS,  Portlock?    Plate  I.  fig.  9— a. 

A  specimen  supposed  to  belong  to  this  species,  6  inches  long,  is 
bent  and  broken ;  the  entire  part,  4 ,  inches  long,  is  bent  into  a 
strong  curve ;  and  upon  the  belly  of  the  curre  are. hooked  eighteen 
specimens  of  a  small  two-branched  Graptolite,  with  teeth  outside;' 
they  were  evidently  caught  on  each  other  while  drifting.  At  first 
sight  these  small  Graptolites  appear  as  if  they  were  straight  oaeff 
caught  upon  the  long  stem,  and  folded  or  bent  double  by  the  cuireiiit, 
but  a  closer  examination  shows  they  are  forked  at  the  isame  or  neariy 
the  same  angle  of  50^,  and  one  or  two  lying  by  themselves  on  the  same 
slab  are  of  the  same  form ;  Uiose  which  do  show  the  tee^  distindly 
have  them  on  the  outer  edges.  The  species  appears  to  be  the  same 
as  that  described  by  Hail  as  Cr.  sextans. 
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G.  8BXTAN8,  Hall,  Plate  I.  fig.  10,  b,  e,  magnified. 
Syn.  G.  sextans.  Hall,  Paleont.  New  York,  pi.  74.  fig.  3. 

Small,  thin,  rounded  at  the  base,  and  branched  directly  from  it  at 
an  angle  of  45^  or  50^,  and  with  broad  teeth  outside  ;  the  depth  of 
the  teeth  almost  as  great  as  the  width  of  the  shaft. 

Nineteen  or  twenty  specimens  on  one  slab  present  the  same  cha- 
racters. 

This  is  a  new  form,  and  it  is  a  more  simple  variation  of  the  two- 
edged  Gn^tolites  than  those  with  teeth  on  the  inner  sides,  in  which 
the  splitting  of  the  axis  does  not  seem  so  intelligible.  Our  specimens 
are  Tcry  iU-preserred,  and  were  probablj  very  tnin. 

Loc.  Black  slate,  west  of  Wigtownshire. 


3.  On  Scratched  Boulders. 
By  James  Smith,  Esq.,  F.R.S.L.&E.,  F.6.S. 

Part  I. 

[Read  April  19, 1848.] 

There  are  two  modes  by  which  we  may  suppose  that  boulders  have 
been  scratched ;  they  may  have  been  held  fast  in  a  fixed  position 
whilst  some  hard  substance  passed  over  them,  or  they  may  have  been 
entangled  in  the  under  surfitce  of  a  moving  body,  such  as  an  iceberg 
or  glacier,  and  dragged  over  rocks,  which  would  thus  also  be  scratched. 

I  caimot  doubt  but  that  both  these  causes  have  contributed  to  the 
production  of  the  phsenomena  in  question.  The  instances  to  which 
I  mean  at  present  to  call  the  attention  of  the  Society  belong  to  the 
former  dasis — the  boulders  have  been  stationary  whilst  the  scratching 
bo<fy,  whatever  it  was,  passed  over  them. 

In  a  former  commumcation*  I  stated,  that  I  had  observed,  on  the 
shores  of  the  Gare  Loch  in  Dunbartonshire,  two  boulders  half  im- 
bedded in  the  till  or  diluvial  covering,  both  of  them  grooved  in  the 
same  direction,  ^m  N.N.W.  to  S.S.E.,  and  concluded  that  it  was 
not  probable  that  the  parallelism  was  accidental :  subsequent  observsr 
tions  have  fully  confirmed  this  conjecture.  In  the  following  year  Mr. 
Madaren  of  Edinburgh  discovered  rocks  on  both  sides  of  the  Grare 
Loch,  which  were  grooved  in  the  same  direction  as  the  above-men- 
tioned boulders :  I  nave  since  had  an  opportunity  of  confirming  his 
obs^rvaticms  and  of  discovering  additional  instances,  some  of  them  in 
the  immediate  vicinity  of  the  two  boulders.  I  have  also  discovered 
several  additional  scratched  boulders,  and  in  every  case  the  direction 
of  the  scratches  is  the  same.  As  this  is  also  the  direction  of  the  axis 
of  the  ydley  which  forms  the  trough  of  the  Gare  Loch,  Mr.  Mac- 
laren  concludes  that  they  have  been  caused  by  a  glacier,  which  for- 
merly filled  it. 

Whatever  was  the  cause,  it  must  have  been  subsequent  to  the  de- 
position of  the  till  at  least  in  this  locality.  We  must  be  careful  there- 
fore not  to  confound  the  two  phsenomena,  and  conclude  that  these 

*  RetdJane4, 1845. 
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boulders  were  transported  by  tbe  moTiDg  body  wbich  produced  the 
scratches. 

From  the  difficulty,  if  not  impossibility,  of  accounting  for  iheae 
furrows  except  by  glacial  agency,  and  from  the  marked  resemblance 
which  the  till  bears  to  the  moraines  left  by  ancient  glaciers  in  Switz- 
erland, it  has  been  concluded  that  the  cause  of  both  deposits  was 
the  same.  A  careful  examination  of  the  Swiss  moraines,  howcTer, 
satisfied  me  that  they  are  essentially  different.  We  have  in  both  cases 
a  confused  assemblage  of  fragments  of  rock  and  earthy  matter  thrown 
together  without  regard  to  gravity,  and  in  both  cases  the  erratic 
blocks  are  found  to  nave  come  in  a  certain  direction  ;  so  far  the  re- 
semblance is  complete :  but  in  Scotland  we  find  that  the  blocks  be- 
come rounded,  and  diminish  in  size  as  they  recede  from  the  parent 
rock :  in  ancient  moraines  they  do  neither  :  there  is  nothing  in  fact, 
either  in  glaciers  or  in  icebergs,  to  round  the  blocks  they  b^  along 
with  them,  or  to  reduce  them  in  size.  The  conditions  therefore  re- 
quired, before  we  can  admit  that  blocks  have  been  transported  by 
glaciers,  are,  angularity,  a  given  direction,  and  no  apparent  aiminution 
m  size.  Those  which  have  fallen  from  icebergs  ought  to  have  the 
same  characters,  except  as  to  definite  direction ;  they  ought  also  to 
be  superficial.  It  appears  to  me,  that  the  phsenomena  presented  bj 
the  till  could  only  be  produced  by  the  tumultuary  and  transient  ac- 
tion of  water. 

Supposing  this  to  be  the  case,  could  blocks  impelled  by  a  sudden 
rush,  such  as  an  earthquake-wave,  produce  the  scratches  ?  Without 
denying  the  possibility  of  their  doine  so  in  any  case,  I  do  not  con- 
sider it  possible  in  the  present  one — the  striee  are  too  regular.  A  rock 
in  the  immediate  neignbourhood  of  the  above-mentioned  boulders 
may  trvlj  be  called  a  "  roche  polie  ;**  and  in  one  place  there  is  a  furrow 
eighteen  inches  broad  and  six  inches  deep,  which  could  not  possibly 
be  caused  by  a  rolling  mass. 

The  scratched  rocks  pass  under  the  sea ;  I  do  not  however  consider 
this  as  a  proof  of  the  recentness  of  the  scratching  process,  but  of  a 
recent  subsidence  of  the  land. 

Part  II. 

[Read  May  17, 1848.] 

Although  I  have  not  attempted  to  explain  the  particular  pheno- 
mena described  in  the  former  part  of  this  paper,  1  think  it  must  be 
admitted,  that  the  scratches  and  furrows  on  rocks  and  boulders  most 
in  many  instances  be  ascribed  to  glacial  action  either  in  the  shape  of 
icebergs  or  glaciers. 

If  we  suppose  that  the  temperature  of  Great  Britain  was  as  low  at 
the  period  to  which  we  must  ascribe  them,  as  it  is  in  other  quarters 
of  the  globe  at  present,  under  correspondent  latitudes, — and  there  is 
no  antecedent  improbabiHty  in  the  supposition, — then  ice  under  both 
forms  must  have  been  in  action.  Let  us  inquire  what  would  be  the 
effects  of  such  a  state  of  things  ?  In  a  period  of  geological  repose, 
glaciers  would  scratch  the  rocks  on  the  sides  and  bottoms  of  their 
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▼aUejs,  moraines  would  be  deposited,  and  fragments  of  rocks^  de- 
tached from  the  shores  and  resting  upon,  or  entangled  in  the  coast 
ice,  would  be  carried  out  to  sea  and  dropt  on  its  bottom  at  different 
depths  ;  but  in  this  case  the  blocks  would  be  foimd  at  lower  levels 
than  the  rocks  from  which  they  were  detached. 

Mr.  Darwin  in  a  late  paper  has  howerer  shown,  that  boulders  fre- 
quently occur  at  a  level  considerably  higher  than  their  parent  rocks, 
and  has  accounted  for  it  by  supposmg  that  they  were  floated  to  their 
present  position  by  ice  during  a  movement  of  depression  of  the 
land. 

Now  we  have,  in  the  superficial  beds  in  the  basin  of  the  Clyde, 
evidences  of  such  a  movement  which  must  have  taken  place  in  the 
period  when  the  climate  was  colder  than  at  present,  and  which  if  not 
paroxysmal  was  sufficiently  rapid  to  have  entombed  alive  the  testa- 
ceous inhabitants  of  the  sea,  and  to  have  covered  them  up  to  a  con- 
siderable depth  with  beds  of  finely  laminated  clay,  which  could  only 
have  been  formed  at  the  bottom  of  the  sea.  It  is  obvious  that  such 
a  movement  must  have  had  the  effects  ascribed  to  it  by  Mr.  Darwin. 

In  former  communications  I  have  shown,  that  the  elevated  marine 
deposits  in  the  superficial  beds  in  this  locality  belong  to  two  distinct 
epochs,  namely  the  newer  pliocene  or  pleistocene,  in  which  there  is 
a  perceptible  change  in  the  fauna,  ana  the  post-pliocene,  in  which 
the  marine  remains  agree  with  those  of  our  present  seas. 

In  the  newer  pliocene  beds,  the  shells  which  are  recent,  but  un- 
known in  the  British  seas,  have  all  been  found  in  the  Arctic  seas ; 
here  then  we  have  evidence  of  a  colder  climate,  and  can  thus  account 
for  the  presence  of  ice  upon  our  shores.  Now  it  is  in  these  beds  that 
the  proofs  of  depression  occur.  Beds  of  littoral  and  sublittoral  shells, 
such  as  the  Mytilus  edulis,  are  found  to  underlie  beds  of  laminated 
clay  totally  destitute  of  organic  remains,  which  are  sometimes  thirty 
feet  in  thickness,  and  seldom  less  than  ten,  except  in  cases  where  they 
have  been  removed  by  the  subsequent  wasting  action  of  the  sea. 

In  the  shelly  beds,  the  shells  are  generally  speaking  in  situ  ;  the 
bivalves  with  both  vaJves  adherent,  still  coverect  with  epidermis,  and 
the  borers  in  their  vertical  position.  As  there  is  no  gradation  from 
beds  in  which  the  animals  must  have  been  alive  when  they  were  co- 
vered up,  to  others  totally  destitute  of  organic  remains,  we  cannot 
ascribe  their  absence  in  the  latter  to  the  gradual  process  of  decay, 
but  to  an  entire  change  of  conditions,  ana  that  change  must  have 
taken  place  with  a  certain  degree  of  rapidity ;  otherwise  the  shells 
would  have  exhibited  some  evidences  of  the  lapse  of  time  which  oc- 
curred between  the  time  when  the  animals  were  alive,  and  that  in 
which  they  were  covered  up. 

Under  tiiese  circumstances,  the  ice  upon  the  shores  must  have  been 
floated  to  a  higher  level,  and  with  it  the  fragments  of  rock  resting 
upon  it. 

I  am  satisfied  therefore  that  Mr.  Darwin  has  solved  one  of  the 
numerous  difficulties  which  we  encounter,  when  we  attempt  to  ex- 
plain the  phsenomena  of  the  erratic  block  beds. 

The  same  cause  would  also  account  for  the  position  of  the  super- 
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ficial  boulders,  which  must  in  many  cases  have  been  brought  into 
their  present  situations  subsequently  to  the  deposition  of  the  till. 


4.  Observatioru  on  the  Recent  Formations  in  the  Vicinity  ij/^  Edin- 
burgh.    By  James  Nicol,  F.B.S.E.,  Ass.  Sec.  (xeol.  Soc. 

The  late  discussions  relative  to  the  transportal  of  erratic  blocks  and 
the  formation  of  the  connected  deposits  having  induced  me  to  believe 
that  the  following  observations  may  not  be  without  interest,  I  now 
venture  to  bring  them  before  the  Society.  They  do  not  pretend  to 
give  any  general  view  of  the  district,  which  has  already  been  very 
ably  done  by  Mr.  Milne,  in  a  memoir  in  the  Transactions  of  the 
Royal  Society  of  Edinburgh,  but  merely  describe  a  few  facts  and 
sections  which  I  have  observed  at  different  times. 

The  lowest  of  the  recent  formations  in  the  immediate  neighbour- 
hood of  Edinburgh  is  the  blue  or  blackish  coloured  boulder  clay, 
known  under  the  name  of  the  '  Till.'  In  some  other  places  the  till 
rests  on  beds  of  stratified  sand  seldom  more  than  five  or  six  feet 
thick ;  but  in  one  place,  where  exposed  in  a  cutting  on  the  Hawick 
railway,  about  twelve  miles  south  of  Edinburgh,  more  than  ten  times 
that  depth.  The  till  is  usuaUy  regarded  as  showing  no  marks  of 
stratification,  and  hence  has  been  described  as  originating  in  some 
violent  and  sudden  action,  unUke  any  now  apparent  on  the  globe. 
The  following  sections  (figs.  1,  2,  3),  which  were  exposed  during  the 

Fig.  1. 

3 


formation  of  the  railway  from  Edinburgh  to  Leith,  show  that  this  view 
of  the  nature  of  the  deposits  is  only  partially  true,  and  consequently 
that  the  above  theory  of  its  mode  of  origin  cannot  be  maintained. 
In  these  sections  it  will  be  seen  that  the  blue  clay  or  till  contains 
beds  of  yellow  sand  deposited  in  layers.  These  beds  of  sand  are  very 
irregular  in  their  extent  and  in  the  direction  of  their  lamination.  In 
one  section  ^fig.  2)  a  portion  of  the  sand  is  bent  over,  forming  an 
apparent  anticlinal  axis.  This  appearance  however  I  regard  as  pro- 
duced during  deposition,  and  not.  as  the  result  of  any  subsequent 
change.  In  other  places  the  sand  forms  small  nests,  or  detached 
masses  in  the  clay,  also  proving  its  deposition  by  local  and  variable 
causes,  and  not  by  any  general  rush  of  waters,  which  would  have 
mixed  up  the  sand  and  clay  in  one  confused  mass. 

In  the  clay  many  boulders  occur,  ffom  a  few  ounces  to  several 
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Uns  in  weight,  and  generally  derived  from  trap,  sandstone,  or  lime- 
stone rocks,  like  those  composing  the  coal-field  on  which  it  rests. 


Fig.  2. 


^ 


td 


a 

Some  of  these  boulders  however  consist  of  granite,  mica-slate  or 
other  primary  strata,  and  must  consequently  have  been  carried  a 
greater  distance,  as  none  of  these  rocks  are  found  nearer  than  from 
forty-five  to  fifty  miles,  and  granite  in  any  quantity  only  at  seventy 
mil^  distance.  These  boulders  are  generally  rounded  and  water- 
worn,  but  some  on  the  contrary  are  angular.  They  are  found  in 
every  part  of  the  mass  of  blue  clay,  but,  as  it  seemed  to  me,  in  more 
abundance  in  certain  portions,  and  apparently  arranged  in  horizontal 


These  fiicts  appear  to  prove  that  the  deposition  of  this  boulder 
day  or  tiU  was  gradual, — ^the  effect  of  long-continued  and  variable 
agents  ;  and  not  of  a  sudden  rush  of  water,  or  debacle,  as  has  been 
imagined.  The  whole  phsenomena  seem  more  consistent  with  the 
supposition  that  the  clay  was  formed  by  the  continuous  action  of  the 
sea  on  the  various  strata  of  the  subjacent  coal-field,  than  with  any 
other  theorv.  The  blue  clay  forming  the  great  bulk  of  the  till  may 
be  reearded  as  merely  the  decomposed  shales  of  the  coal  formation, 
and  the  sands  as  comminuted  sandstones :  even  the  relative  position 
of  the  deposits,  with  the  blue  clay  below,  and  a  browner  and  more  sandy 
clay  resting  upon  it,  as  seen  in  the  sections,  favours  this  opinion.  The 
soft  shales  when  exposed  to  the  action  of  the  waves  would  be  wasted 
away  before  the  harder  sandstones  and  trap  rocks,  and  the  deposit 
formed  from  their  destruction  would  consequently  occupy  a  lower 
position.  The  boulders  may  have  been  brought  to  the  place  where 
we  now  find  them  by  ice,  or  entangled  in  the  roots  of  floating  trees, 
or  in  any  other  mode  now  in  action  for  the  transport  of  rock  masses. 
Though  mixed  up  irregularly  with  the  mass  of  clay,  it  is  by  no  means 
necessary  that  they  should  have  been  always  transported  along  with  it 
or  by  the  same  agent.  Were  a  number  of  boulders  at  the  present 
day  dropped  on  a  mass  of  soft  semifluid  clay  at  the  bottom  of  tne  sea, 
they  would  not  remain  on  the  surface,  but  smk  in  it  to  various  depths, 
tnd  thus  appear  to  have  been  deposited  by  the  same  agents,  when  in 
reality  they  were  deposited  by  wholly  different  causes.  Neither  does 
the  apparent  want  of  stratification  in  the  clay  prove  it  to  have  been 
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deposited  simultaneously,  or  in  a  violent  maimer,  as  this  is  a  common 
character  in  all  mud  formations. 

In  the  sections  now  exhihited,  the  hrown  clay  rests  on  a  pretty 
even  surface  of  the  till.  In  some  other  places  however  there  was 
proof  that  the  till  had  been  exposed  to  erosive  action  before  the  de- 
position of  the  immediately  superior  formation.  In  many  places  it 
was  worn  into  hollows,  as  if  part  of  it  had  been  removed  by  the  action 
of  water :  one  of  these  hollows  was  very  remarkable,  being  about  five 
or  six  feet  wide  by  three  or  four  deep,  and  closely  resembled  the 
channel  of  a  small  stream.  It  was  also  filled  with  gravel  and  sand, 
in  all  respects  like  that  found  in  such  a  stream  at  present.  It  was 
seen  with  the  same  characters  on  both  sides  of  the  cutting,  but  how 
far  it  continued  beyond  could  not  be  known.  I  had  no  doubt  that 
it  had  been  formed  by  some  stream  of  running  water,  which,  if  we 
suppose  the  till  deposited  in  the  sea,  would  imply  that  it  had  been 
elevated  and  again  depressed  for  the  deposit  of  the  superior  beds. 
This  elevation  of  the  till  to  the  surface,  permitting  the  action  of  the 
atmosphere  on  any  shells  or  other  remains  contained  in  it,  may 
perhaps  account  for  the  rarity  or  rather  entire  absence  of  fossils  in 
this  deposit. 

The  second  subject  which  I  should  wish  to  notice  has  reference 
to  the  transport  of  erratic  blocks.  As  already  stated,  this  has  b^un 
even  in  the  earliest  period,  during  the  deposition  of  the  till,  and  has 
continued  down  to  tne  most  recent.  They  occur  in  the  brown  day 
represented  in  the  sections  resting  on  the  till,  and  in  a  higher  deposit 
of  gravel  and  boulders  which  often  covers  the  deposit  of  fine  strati- 
fied sand  seen  filling  a  hollow  in  the  brown  clay  in  section  fig.  3. 

Fig.  3. 


They  are  frequently  found  lying  completely  exposed  on  the  surface, 
rjid  in  this  case  may  never  have  been  buried  in  any  of  the  subjacent 
deposits.  Boulders  of  trap  rocks  are  by  far  the  most  common,  but 
with  them  are  many  fragments  of  sandstone,  limestone,  and  even  of 
coal,  and  a  few  also  of  primary  rocks.  I  have  foimd  the  latter  over 
every  part  of  the  coal-field,  and  far  up  the  sides  of  the  transition 
mountains  that  bound  it  on  the  south :  even  in  the  centre  of  that 
chain,  in  the  valley  of  the  Tweed,  boulders  of  primary  rocks,  though 
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nre,  occaffionally  occur.  The  most  remarkable  accmnulation  of  them 
is  however  on  the  Pentland  Hills,  that  range  of  mountains  seeming 
to  hxve  stopped  many  of  them  in  their  journey  to  the  south.  Some 
of  Uie  boulders  found  on  these  hills  are  remarkable  for  their  size. 
One  anstdar  block  of  mica-slate  seen  near  Habbie's  How,  resting  on 
the  decSmty  of  the  hill,  according  to  a  measurement  I  made,  would 
weigh  six  or  eight  tons.  Further  west  I  found  another  block,  also 
angular,  of  the  same  rock,  which  would  weigh  about  three-ouarters  of 
a  ton.  When  it  is  considered  that  these  masses  must  nave  been 
carried  upwards  of  forty  miles  in  a  direct  line,  floating  ice  seems  the 
only  agent  to  which  their  transport  can  be  ascribed.  Blocks  of  a 
smaller  size  are  very  common,  and  of  a  great  variety  of  kinds,  some 
indeed  of  a  mineralt^cal  character,  which  is  unlike  any  fixed  rock  I 
have  ever  observed  or  seen  described  in  Scotland.  On  one  hill  1500 
to  1 600  feet  high,  I  found  these  travelled  stones  particularly  abundant, 
and  apparently  increasing  in  numbers  from  below  upwards.  In  some 
places  they  appeared  to  form  as  it  were  broad  bands  running  nearly 
m  straight  lines  from  N.N.W.  to  S.S.E.,  and  without  any  reference 
to  the  present  dechvity  of  the  groimd,  except  that  they  became  more 
nnmerous  towards  the  summit  of  the  ridge.  These  blocks  consisted 
chiefly  of  tn;p  rocks,  especially  basalt,  the  hill  on  which  they  rested 
being  a  red  febpar  or  claystone  porphyry.  Many  were  of  sandstone, 
sometimes  rounded,  but  more  oft^  in  angular  masses,  one  block 
measuring  six  feet  long,  five  broad,  and  three  feet  thick,  and  con- 
sequently weighing  about  six  tons.  This  mass  was  lying  on  the  side 
of  the  ^  facing  the  south,  so  that  any  current  m)m  the  north, 
which  bad  propelled  it  thus  far,  would  in  all  probabihty  have  also 
rolled  it  to  the  bottom  of  the  hill. 

These  sandstone  and  trap  boulders  lie  at  an  elevation  above  the 
great  mass  of  the  similar  rocks  in  the  surrounding  country.  There 
may  be  a  few  points  of  sandstone  and  trap  at  nearly  the  same  height, 
but  only  six  or  eight  miles  distant,  and  I  do  not  believe  that  the 
great  variety  of  trap  rocks  found  on  the  top  of  this  hill  could  be  col- 
lected except  from  places  now  several  hundred  feet  lower.  This 
therefore  forms  a  good  instance  of  the  class  of  facts  which  Mr.  Dar- 
win's theory,  lately  proposed  to  the  Society*,  was  intended  to  explain. 
But  it  is  also  one  of  those  cases  in  ivhich  that  theory  has  particular 
difficulties  to  contend  with.  Were  the  surrounding  country  sunk  in 
the  ocean  to  the  level  of  these  blocks,  the  chain  of  hills  on  which 
tliey  rest  would  form  only  a  few  widely  scattered  islands  in  the  midst 
of  a  broad  arm  of  the  sea,  extending  from  the  Grampian  moimtains 
on  the  north  to  the  Lammermuir  range  on  the  south.  The  blocks 
would  thus  be  exposed  to  constant  danger  of  being  carried  off  from 
the  land  every  time  they  were  floated  by  the  ice,  and  from  the  great 
dedivity  of  the  mountain  sides,  would,  if  dropped  only  fift^  or  a 
hundred  yards  from  the  shore,  fall  into  water  so  deep  that  no  iceberg 
could  ever  again  pick  them  up.  But  there  is  another  difliculty  which 
the  theory  haa  in  this  case  to  contend  with.  On  the  flat  summit  of 
one  of  the  transition  mountains  to  the  south,  whose  height  is  usually 
*  Since  pabliihed  in  Qntrt.  Jouni.  Geol.  Soo.  vo).  iv.  pp.  315-323. 
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stated  at  2200  feet  above  the  sea,  I  have  found  rolled  quartz  pebbles 
and  other  proofs  of  aoueous  action.  There  seems  thus  no  doubt  that, 
supposing  the  land  uniformly  depressed,  the  whole  range  of  the  Ptot- 
lanas,  and  the  hill  with  these  boulders  on  it,  along  with  the  oUiers, 
must  have  been  submerged.  Now  if  coast-ice  could  carry  the  boulders 
up  to  the  top  of  the  hill  during  its  gradual  subsidence,  it  should  also 
have  lifted  them  off  the  top  of  the  lull  when  it  was  finally  submerged. 
There  seems  no  reason  why  the  ice  should  continue  to  raise  the 
blocks  just  so  far  as  the  summit  of  the  hill,  and  then  cease  to  have 
this  elevatory  power. 

The  theory  which  I  should  substitute  in  place  of  this  most  inge* 
nious  one,  is  that  of  unequal  elevation  in  different  parts  of  the  land. 
That  this  has  taken  place  to  a  very  connderable  extent,  the  phseno- 
mena  of  the  surrounding  district  most  distinctly  prove.  We  now 
find  portions  of  strata,  which  there  is  every  reascm  to  believe  were 
once  continuous,  separated  by  many  hundred  feet  of  vertical  eleva- 
tion :  the  workings  in  the  surroundina;  coal-field  prove  this  most 
emphatically.  In  the  memoir  on  the  ^d-Lothian  coal-field  already 
referred  to,  Mr.  Milne  enumerates  fifly-two  slips  raising  the  strata  to 
the  south  5169  feet,  and  thirty-seven  others  which  raise  them  2412 
feet  in  the  opposite  direction ;  the  most  extensive  slip  having  thrown 
the  strata  400  to  500  feet  down  to  the  north .  In  the  coal-fields  on  the 
north  of  the  Firth  of  Forth  sHps  are  no  less  numerous,  but  there  those 
elevating  the  strata  to  the  north  preponderate,  producing  a  difference 
of  1 164  feet  in  twelve  miles.  A  smgle  fault  m  the  eastern  part  of 
Fife  amounts  to  600  feet,  and  in  the  Clackmannan  coal-field  two  slips 
are  known,  one  of  700,  the  other  of  1230  feet ;  all  of  them  raising 
the  strata  on  the  north .  The  difference  of  elevation  indicated  by  these 
faults  seems  sufficient  to  account  for  boulders  having  been  transported 
from  what  is  now  a  lower  to  a  higher  level. 

The  strongest  objection  to  this  mode  of  explaining  the  transportal 
of  boulders  from  lower  to  higher  levels  seems  to  be,  that  we  see  no 
traces  of  unequal  elevation  on  the  present  surface  of  the  ground.  But 
this  objection  leaves  out  of  view  the  important  changes  which  must 
have  taken  place  on  the  surface  since  the  land  was  rinsed  above  the 
ocean,  and  especially  those  connected  with  that  process.  During 
these  changes,  many  inequalities  which  once  existed  must  have  been 
smoothed  down,  covered  over,  and  obliterated,  so  that  scarce  a  trace 
of  them  now  remains  ;  the  effect  of  the  last  change  being  always  to 
destroy  the  marks  of  those  that  preceded  it.  But  if  we  suppose  that 
the  elevation  of  our  present  contments  resembled  that  which  we  know 
is  now  taking  place  in  Scandinavia,  where  one  end  as  it  were  of  a 
lever  is  rising,  whilst  the  other  remains  stationary  or  sinks,  we  may 
have  a  very  great  amount  of  unequal  elevation  without  any  break  in 
the  continuity  of  the  strata,  or  anv  proof  of  its  having  occturred  being 
left  on  the  surface  of  the  dry  land.  A  difference  of  angular  motion 
amounting  to  one  degree,  producing  an  inchnation  so  small  as  to  be 
imperceptible  to  the  eye,  would  be  sufficient  to  account  for  the  whole 
phaenomenon.  Were  the  country  between  London  and  Anglesea 
subjected  to  such  a  twist,  we  should  have  that  island  sunk  20,000  feet 
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bekiw  the  ocean.  To  explain  the  phsenomena,  therefore,  of  the  ap- 
parent transport  of  honlders  from  a  lower  to  a  higher  level,  it  is  only 
necessary  to  suppose  that  the  land  during  its  repeated  elevations  and 
depressions  was  subjected  to  a  slight  angular  motion,  and  the  whole 
difficulty  is  removed.  Now,  setting  aside  the  case  of  Northern 
Europe,  where  we  know  from  actual  measurements  that  such  a  move- 
ment takes  place,  and  the  instances  of  earthquake  elevation  in  which 
it  has  also  been  supposed  to  occur,  such  a  kind  of  motion  seems  more 
probable  than  the  elevation  of  whole  continental  masses  in  an  exactly 
vertical  direction.  To  produce  the  latter,  the  elevating  power  must 
act  vrith  equal  intensity  below  every  part  of  the  surface,  and  everywhere 
experience  a  uniform  resistance ;  or  the  one  of  these  powers  be  every- 
where exactly  proportioned  to  the  other ;  neither  of  them  supjiosi- 
tions  at  all  liKeiy  to  be  realized  on  a  mass  composed  of  such  various 
materials  as  the  crust  of  the  earth. 


May  31,  1848. 

H.  Wedgwood,  Esq.  and  T.  Brown,  Esq.  were  elected  Fellows. 

The  following  communications  were  read : — 

I.  On  the  Colouring  Matter  o/Red  Sandstones  and  of  Greyish  and 
White  Beds  associated  with  them.  By  John  William  Dawson,  Esq. 

[Commanicated  by  Sir  Charles  Lyell,  V.P.G.S.] 

The  appearance  at  certain  points  of  the  series  of  stratified  deposits 
of  red  sandstones  and  other  rocks  coloured  by  the  peroxide  of  iron, 
in  regions  where  the  older  formations  contain  comparatively  few  red 
beds,  is  a  fact  observed  in  many  countries ;  and  in  some  cases  these 
red  deposits  are  associated  with  rocks  of  more  neutral  tints,  whose 
colours  appear  to  be  due  to  chemical  changes  which  have  affected 
portions  of  the  red  sediment.  These  phsenomena,  though  often  no- 
ticed, scarcely  seem  to  be  thoroughly  understood  either  in  reference 
to  their  causes  or  to  the  inferences  which  may  be  drawn  from  them. 
In  the  present  paper  I  propose  to  state  some  facts  in  the  geology  of 
Nova  Scotia  whicn  appear  to  be  connected  with  the  first  appearance 
of  red  strata  in  that  country,  and  which  may  perhaps  admit  of  a 
more  general  application ;  and  also  to  notice  some  changes  now  taking 
place  in  recent  sedimentary  deposits,  which  may  explain  the  occur- 
rence of  occasional  grev,  greenish  and  white  beds  in  rormations  whose 
prevailing  colour  is  red. 

In  Nova  Scotia,  red  conglomerates,  sandstones  and  clays  predomi- 
nate for  the  first  time  in  the  lower  part  of  the  carboniferous  system ; 
and  it  is  to  this  lower  carboniferous  series  chiefly  that  the  following 
remarks  are  intended  to  apply,  though  red  beds  continue  to  prevau 
in  the  newer  carboniferous  deposits  and  also  in  an  overlying  forma- 
tion of  red  sandstone.  The  red  colouring  matter,  which  is  the  per- 
oxide of  iron,  is  in  a  very  fine  state  of  division,  having  indeed  rather 
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the  aspect  of  a  chemical  precipitate  than  of  a  suhstance  triturated 
mechanicaUy.     In  the  clays  and  shales  it  is  usuaUj  very  unifonnly 
diffused  through  the  mass ;  in  the  sandstones  and  conglomerates  it  is 
principally  contained  in  the  ai^iUaceons  matter  whi(£  occupies  the 
mterstices  of  the  sand  and  pehbles,  and  it  also  stains  the  surfaces  of 
these  fragments.     In  addition  to  the  oxide  of  iron  distributed  through 
the  beds,  there  is  in  the  fissures  trayersing  them,  a  considerable  quan- 
tity of  the  same  substance  in  the  state  of  brown  haematite  and  red 
ocnre,  as  if  the  colouring  matter  had  been  superabundant,  or  had  been 
in  part  removed  and  accumulated  in  these  veins.     Though  the  greater 
part  of  the  thickness  of  the  lower  carboniferous  series  consists  of 
reddish  beds,  there  are  many  subordinate  strata  and  minor  groups  of 
beds  from  which  the  red  oxide  of  iron  is  entirely  absent.     These 
unooloured  beds  are  of  three  kinds.    First,  grey  and  dark  sandstones 
and  shales,  consisting  of  detrital  matter  similar  to  that  of  the  red 
beds.     In  some  of  these  scarcely  any  femigmous  matter  is  present, 
in  others  there  are  small  quantities  of  the  carbonate  and  sulphuret  of 
iron.    Where  these  grey  and  dark  beds  appear  in  any  considerable 
thickness,  they  always  contain  either  fossil  plants,  bituminous  matter 
or  thin  seams  of  coal,  or  all  of  these ;  and  even  in  thin  and  isolated 
layers  of  this  description,  vegetable  remains  are  often  present.    For 
reasons  to  be  stated  in  the  sequel,  I  believe  that  the  presence  of  this 
organic  matter  is  the  cause  of  the  absence  of  red  colour  in  these  cases, 
and  I  am  also  disposed  to  extend  the  same  explanation  to  certain 
marly  beds  and  blotched  and  variegated  sandstones  in  which  vege- 
table matter  does  not  appear.     The  second  class  of  uncoloured  beds 
consists  of  limestones,  of  which  there  are  several  thick  beds  appearing 
in  a  great  number  of  places.     These  beds  are  very  rarely  coloured  by 
oxide  of  iron,  and  the  few  that  are  so  contain  also  a  little  sand  ana 
other  detrital  matter.     Many  of  the  limestones  are  made  up  of  un- 
broken shells  and  corals,  others  show  under  the  microscope  tnat  they 
consist  of  shelly  fragments,  and  a  few  are  laminated  and  crystalline, 
and  may  have  been  deposited  by  water  holding  the  bicarbonate  of 
lime  in  solution.     Limestones  of  all  these  three  kinds  occasionally 
contain  bituminous  matter.     These  beds  of  limestone  certainly  mark 
long  intervals  in  the  deposition  of  detrital  matter  in  the  localities 
where  they  occur ;  and  though  the  absence  of  red  oxide  of  iron  may 
be  in  part  due  to  the  influence  of  putrefying  organic  matter,  it  also 
indicates  that  the  causes  which  produced  the  red  colour  were  con- 
nected with  those  which  accumulated  sand  and  other  detritus,  and 
were  not  in  active  operation  during  those  intervals  when  shells  and 
corals  flourished.     The  third  kind  of  beds  destitute  of  red  colour 
consist  of  gypsum,  which  in  this  formation  forms  thick  and  conform- 
able strata.     These  are  generally  very  pure  and  colourless ;  a  few 
however  are  blackened  by  bituminous  matter,  and  I  have  seen  one 
containing  sufficient  red  oxide  of  iron  to  give  it  a  light  flesh-colour. 
The  comparative  absence  of  detrital  matter  from  the  gypsum,  its  con- 
stant crvstallme  texture  and  its  want  of  fossils,  clearly  indicate  that 
it  is  a  chemical  deposit ;  and  the  same  circumstances,  in  connection 
with  its  regular  stratification  and  association  with  marine  limestones. 
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Tender  it  probable  that  it  onginated  from  the  action  of  free  solphuric 
add  on  the  calcareous  matter  previously  accumulated  in  the  seas  of 
the  period.  This  yiew  must  also  be  extended  to  the  anhydrite,  which 
occurs  in  layers  associated  with  the  common  gypsum,  since  its  rela- 
tions entirely  preclude  the  suppositions  that  it  can  be  gypsum  altered 
by  heat,  or  that  it  can  have  been  produced  by  acid  va|)onrs  passmg 
throi^  limestone ;  I  am  not  howerer  aware  under  what  circumstances 
anhydrite  could  be  chemically  deposited  from  water.  In  the  series 
of  formations  found  in  Nora  Scotia,  gypsum  as  well  as  red  sandstone 
appears  for  the  first  time  in  the  lower  carboniferous  series,  and  it  will 
Boon  appear  that  this  simultaneous  development  on  a  great  scale  of 
red  oxide  of  iron  and  sulphuric  acid  may  not  be  accidental. 

We  may  next  endeavour  to  ascertain  the  sources  from  which  the 
materials  of  the  rocks  above-noticed  have  been  derived.  In  the  car- 
boniferous period,  the  Silurian,  metamorphic  and  hypogene  rocks 
seem  already  in  Nova  Scotia  to  have  formed  ridges  traversing  and 
separating  the  basins  in  which  the  newer  strata  were  deposited  and 
furnishing  large  quantities  of  detritus  which  can  easily  be  recognised 
in  the  carboniferous  conglomerates,  sandstones  and  shales,  and  indeed 
constitutes  the  mass  of  these  beds.  The  limestones  have  evidently 
resulted  from  the  ||prowth  of  shells  and  corab  tfi  situ ;  and  the  gypsum 
is  also  of  local  origin,  since  it  can  scarcely  be  supposed  that,  at  the 
period  of  its  formation,  the  sea  was  cluu^^  eitner  with  sulphuric 
acid  or  sulphate  of  lime,  over  wide  areas,  while  it  is  highly  probable 
that  these  substances,  if  brought  from  the  land  or  the  bottom  of  the 
sea,  would  produce  beds  of  gypsum  in  the  vicinity  of  the  places  whence 
th^  were  derived.  It  thus  i^pears  that  the  materials  of  the  lower 
carboniferous  rocks  have  in  general  been  obtained  from  the  older 
formarions  the  remains  of  which  are  still  seen  in  their  vicinity,  and 
we  may  therefore  expect  to  find,  in  the  same  older  formations,  the 
sources  of  the  red  colouring  matter.  If  in  accordance  with  this  view 
we  examine  the  Silurian  and  metamorphic  rocks,  it  at  once  becomes 
i^parent  that  the  red  oxide  of  iron  cannot  be  attributed  to  the  de- 
gradation of  red-coloured  rocks,  since  these  form  a  very  trifling  pro- 
portion of  the  older  formations.  Neither  can  this  colouring  matter 
be  attributed  to  the  mechanical  trituration  of  iron  ores,  since  though 
large  deposits  of  specular  iron  ore  exist  in  the  Silurian  system,  this 
mineral  is  too  hard  and  intractable  to  have  furnished  the  finely-divided 
colouring  matter  of  the  red  sandstones  and  shales.  It  is  also 
worthy  of  notice,  in  reference  to  this  iron  ore  of  the  Silurian  system, 
that  the  greater  part  of  it  occurs  in  the  form  of  thick  beds,  abounding 
in  fossil  shells,  and  which  seem  to  have  been  produced  by  the  depo- 
sition of  iron  ore  in  the  state  of  sand  or  scales  derived  from  the  waste 
of  older  deposits ;  it  cannot  therefore  have  been,  at  the  time  of  the 
formation  of  the  carboniferous  strata,  in  a  state  very  different  from 
that  in  which  it  is  at  present  found.  The  remainder  of  the  peroxide 
of  iron  of  the  Silurian  system  occurs  in  irregular  veins  traversing 
altered  rocks,  and  is  generally  crystalline,  though  in  some  places  ac- 
companied by  earthy  red  ore  capable  of  having  acted  as  a  colouring 
matter.     The  only  other  form  in  which  large  quantities  of  iron  occur 
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in  the  Silurian  and  metamorphic  rocks,  is  that  of  the  bisnlphnret  of 
iron  or  iron  pyrites,  which  is  very  abundantly  contained  in  these 
rocks,  and  to  the  decomposition  of  which  I  believe  the  red  colours  of 
the  derived  deposits  should  be  mainly  attributed. 

It  can  scarcely  be  unfair  to  assume  that  the  immense  masses  of 
the  older  formations  which  have  been  worn  down  to  furnish  the  ma- 
terials of  the  carboniferous  beds,  contained  proportionally  as  large 
onantities  of  iron  pyrites  as  those  portions  which  remain.     We  may 
tnerefore  proceed  to  inquire  respecting  the  changes  which  this  mine- 
ral probably  suffered,  before  or  during  the  degradation  of  these  rocks. 
Unaer  ordinary  atmospheric  influences,  iron  pyrites  passes  by  oxida- 
tion into  sulphate  of  iron  and  hydrous  peroxide  of  iron,  and  much  of 
it  is  now,  and  probably  has  been  in  all  past  periods,  undergoing  this 
change.    Under  the  influence  of  heat,  however,  it  b  capable  of  under- 
eoing  other  modifications,  of  more  importance  for  our  present  purpose. 
The  formations  in  which  the  pyrites  in  question  is  contained,  have 
been  greatly  changed  by  igneous  ajK;ents  before  the  carboniferous  pe- 
riod ;  and  under  such  influences  this  mineral  may  have  been  changed 
in  three  ways.    First,  in  the  deeper  parts  of  the  deposits  it  may  have 
remained  chemically  unaltered,  but  may  have  assumed  a  more  cry- 
stalline structure  or  aggr^ated  itself  into  grains,  masses  and  veins,  as 
it  now  appears  in  the  remaining  portions  of  the  metamorphosed  de- 
posits.    Secondly,  in  other  circumstances,  its  sulphur  might  be  sub- 
timed,  the  iron  remaining  buried  in  the  altered  rocks,  or,  in  low  states 
of  oxidation,  entering  into  the  composition  of  molten  masses.     We 
have  no  evidence  of  the  occurrence  of  this  change  at  the  period  in 
question,  though  it  probably  occurs  in  many  modem  volcanos. 
Thirdly,  in  the  superficial  parts  of  the  deposits  it  would  be  converted 
into  peroxide  of  uron  and  sulphuric  add,  or  in  parts  less  near  the 
sur&ce,  into  oxides  of  iron  and  sulphuretted  hydrogen,  and  the  latter 
might  be  subsequently  oxidized  and  converted  into  sulphuric  acid,  in 
passing  through  moist  fissures'*".     Such  processes,  especially  if  car- 
ried on  in  the  presence  of  water,  would  produce  large  quantities  of 
the  peroxide  of  iron,  and  would  probably  stain  with  it  all  the  super- 
ficial parts  of  the  deposits  subjected  to  their  influence.     It  is  not 
always  easy  to  understand  the  precise  effects  which  may  be  produced 
in  nature  on  the  large  scale  by  the  apptication  even  of  familiar  che- 
mical agents ;  but  in  this  case,  I  think  the  results  of  the  artificial  oxi- 
dation of  iron  pyrites,  by  the  combined  influences  of  heat  and  water 
or  heat  and  air,  are  sufficient  to  convince  any  person  who  can  perform 
even  a  few  simple  experiments  upon  thb  mineral,  or  clays  in  which  it 
is  contained,  that  these  processes  are  at  least  competent  to  produce 
the  required  effects. 

It  is  evident  that  the  oxide  of  iron  produced  in  the  manner  above 
stated,  would  naturally  accompany  the  detrital  deposits  of  the  period^ 
and  it  is  even  possible  that  the  cnemical  changes  which  produced  it 
would  be  accompanied  by  mechanical  disturbances  tending  to  produce 
large  quantities  of  fragmentary  matter.  It  is  also  apparent  that  the 
sulphunc  add  resulting  from  the  decompodtion  of  pyrites  would 

*  This  may  be  imitated  by  passing  the  gu  through  moist  porous  sabttanoes. 
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Wfet^j  find  its  way  to  the  s^  or  might  even  in  some  cases  he  pro- 
dooed  m  its  hottom,  and  coming  into  contact  with  calcareous  matter 
aocimralated  hy  shell-fish  and  madrepores,  would  he  deposited,  in  com- 
bination with  lime,  in  the  form  of  gypsum.  There  might  thus  in 
the  seas  of  the  carboniferous  period  be  alternations  of  organic  accu- 
mulatioa  and  detrital  and  chemical  deposition,  producing  a  formation 
necia^  corresponding  with  the  lower  carboniferous  series  of  Nova 
Seotia,  as  descnbed  in  the  beginning  of  this  paper. 

I  do  not  so  far  overrate  the  force  of  the  aboTC  remarks,  as  to  sup- 
pose that  Hxey  prove  that  the  oxidation  of  iron  pyrites  has  been  the 
sole  cause  of  the  red  colours  of  sedimentary  aeposits.  They  may 
however  lead  geologists  to  inquire  if  any  production  of  red  oxide  of 
iron  attends  the  formation  of  sulphuric  acid  in  modem  volcanic  re- 
gions,— if  in  other  countries  the  first  appearance  of  red  sandstones  and 
shales  is  attended  with  the  presence  of  gypsum  or  other  sulphates,  and 
if  die  materials  of  the  red  beds  havebeen  derived  from  rocks  con- 
taining iron  pyrites.  If  these  circumstances  are  of  general  occurrence, 
they  may  perhaps  ihow  that  the  cause  above  referred  to  is  also 
g«aeral. 

In  the  lower  carboniferous  series  of  Nova  Scotia,  there  are,  as  be- 
fore stated,  grey,  dark  and  white  beds  interstratified  with  red  rocks 
forming  the  mass  of  the  deposit ;  and  though  the  sediment  forming 
these  has  no  doubt  in  many  instances  been  originally  uncoloured, 
there  are  other  instances  in  which  they  appear  to  have  consisted  of 
red  sediment  deprived  of  its  colour  by  cnemical  agents  after  its  depo- 
sition. This  may  have  been  effected  by  the  agency  of  organic  matter 
in  two  vrays,  the  first  of  which  appHes  more  especially  to  marine,  the 
second  to  freshwater  deposits. 

Hie  first  consists  in  a  reversal  of  the  process  above  described,  or 
in  the  conversion  of  oxide  of  iron  into  sulphuret  of  the  metal.  I 
shortlj  referred  to  this  change  in  a  paper  sent  to  the  Geological  So- 
dety  m  1845,  but  did  not  state  the  facts  on  which  my  views  were 
founded.  My  attention  was  first  directed  to  this  process  by  observing 
it  actually  in  progress  in  the  harbour  of  Pictou.  This  harbour  re- 
ceives the  waters  of  three  rivers  and  several  smaller  streams,  which 
in  times  of  flood  carry  into  it  large  quantities  of  reddish  mud,  which 
sometimes  discolours  the  whole  surface.  This  mud,  with  similar  sedi- 
mmit  from  the  shores  of  the  harbour,  is  deposited  in  the  bottom,  and 
there  undergoes  a  remarkable  change  of  colour.  A  portion  of  old 
mud  recently  taken  from  the  bottom  is  of  a  dark  grey  colour,  and 
emits  a  strong  smell  of  sulphuretted  hydrogen.  When  dried  it  loses 
this  odour,  and  its  colour  is  a  pure  grey  without  any  trace  of  red. 
If  a  piece  of  the  dried  mud  be  heated  to  incipient  redness,  it  emits  a 
sulphurous  odour,  and  at  once  resumes  the  red  colour  which  belonged 
to  the  sediment  before  it  was  deposited.  It  thus  appears  that  the 
iron  of  the  red  clay  has  entered  mto  combination  with  sulphur,  and 
ibis  is  probably  obtained  from  the  sulphates  contained  in  the  sea- 
water,  by  the  deoxidizing  influence  of  decaying  vegetable  matter,  the 
greater  part  of  which  seems  to  be  frimished  by  the  eel  grass  {Zostera 
marina),  which  grows  abundantly  on  the  mud  flats.     It  is  evident 
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that  this  modern  deposit  is  quite  analojgous  to  many  grey  beds  of 
great  antiouity,  in  which  sulphuret  of  iron  is  mixed  with  organic 
matter,  ana  there  can  be  little  danger  in  inferring  that  the  causes  in 
both  cases  are  the  same.  I  may  mention,  that  in  some  parts  of  the 
deposit  forming  in  Pictou  harbour,  the  v^table  matter  which  lias 
caused  the  change  of  colour  is  so  completely  decomposed  that  no 
visible  fragments  of  it  remain.  I  may  also  notice  in  passing,  that 
this  mud  contains  yast  numbers  of  the  siliceous  coyerings  of  iniusorisu 

Another  modem  cause  of  change  of  colour  in  red  sands  and  days, 
is  the  action  of  acidsproduced  in  the  putrefaction  and  decay  of  moist 
yeffetable  matter.  Tnis  is  the  usual  cause  of  the  whiteness  of  the 
subsoils  of  peat  bogs  and  swamps,  and  in  such  places  the  oxide  of  iron 
is  often  redeposited  at  the  outlet  where  surplus  water  escapes  from 
the  bog.  This  process  also  probably  prei^ed  extensiyely  in  the 
freshwater  deposits  of  former  periods,  and  may  haye  changed  the 
colours  of  clays  and  sands,  and  haye  collected  their  colouring  matter 
in  bands  and  nodules  of  carbonate  and  hydrous  peroxide  of  iron. 
Beds  bleached  in  this  way  of  course  do  not  resume  their  colour  when 
heated. 

It  is  evident  that  the  formation  of  red  sediment  and  its  partial 
decoloration  may  have  frequently  alternated  in  the  same  locality,  or 
have  occurred  at  the  same  time  m  neighbouring  localities ;  and  when 
viewed  in  this  way,  they  possess  some  interest  independently  of  the 
explanation  of  the  colours  of  rocks.  First,  they  satisfactorily  account 
for  the  rarity  of  fossils  in  red  beds ;  since  both  the  red  oxide  of  iron 
and  sulphuric  acid,  when  present  in  the  waters,  must  have  been  un- 
favouraole  to  aquatic  life ;  and  conversely,  wherever  organic  matter 
either  terrestrial  or  marine  could  accumulate,  the  red  colour  would  be 
partially  removed.  Secondly,  they  show  the  cause  of  the  almost  con- 
stant association  of  large  quantities  of  coal  and  other  y^table  re- 
mains with  the  carbonate  and  sulphuret  of  iron.  Thirdly,  they  may 
in  some  cases  serve  to  distinguish  marine  from  freshwater  deposits ; 
since  on  the  above  view,  sulphurets  would  be  formed  in  large  quan- 
tity where  sea  water  had  access  to  the  beds  in  which  vegetable  or 
ammal  matter  was  decaying,  while  carbonates  would  prevail  where 
fresh  water  only  was  present.  In  some  cases,  however,  the  sulphates 
afforded  by  springs,  or  even  by  river  water,  might  produce  a  suffi- 
ciency of  sulphurets  to  invalidate  such  inferences.  Fourthly,  the 
occurrence  of  grey  beds  and  patches  in  red  formations  may  often 
indicate  the  former  existence  of  fossils  whose  forms  have  perished  ; 
and  the  quantities  of  iron  pyrites  found  in  some  ancient  non-fossilife* 
rous  beds  may  possibly  be  an  indici^tion  of  the  same  kind. 


2.  JRemarks  upon  the  Structure  of  the  Catamite,  By  John  S.  Dawes, 
Esq.,  F.G.S.,  President  of  the  Lit.  &  Phil.  Soc.  of  Birmingham. 

[Since  this  paper  was  read  to  the  Society,  Mr.  Dawes  has  made  some 
further  observations  upon  the  structure  of  this  fossil,  and  its  full 
publication  is  therefore  deferred  at  his  request.] 
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Mr.  Dawes  stated,  that  specimens  he  had  obtained  clearly  showed 
that  the  Calamite  as  usually  met  with  exhibits  merely  the  interior 
shape  of  the  woody  part  of  the  plant,  the  supposed  leaf-scars  at  the 
articQlations  being  the  fractured  portions  of  certain  large  rays  of  mu- 
rifonn  tissue  which  pass  through  the  ligneous  system  in  a  similar 
manner  to  what  has  been  observed  in  the  pseudo-vascular  sheath  of 
Stigmaria,  these  rays  being  connected  with  verticillate  areolae  met  with 
on  the  exterior  of  the  fes^.     The  ligneous  portion  is  found  in  some 
specimens  to  occupy  about  one-half  of  the  diameter,  although  usually 
much  less.     It  consists  of  tubular  tissue,  which  dthough  distinctly 
fcalaiifonn,  has  nevertheless  in  the  transverse  section  a  radiated 
stmcture  together  with  the  concentric  rings  of  Exogens ;  and  in  addi- 
tion to  the  leaf-cords  already  mentioned,  there  are  numerous  fine 
medullary  rays  which  either  alternate  with,  or  intervene,  every  second 
or  third  row  of  the  ligneous  or  scalariform  tissue.     He  also  men- 
tioned, that  occasionally  the  striae  upon  these  vessels  become  reticu- 
lated, so  as  to  resemble  in  some  respects  the  Pinites ;  and  again,  that 
there  i^pears  to  be  a  further  affinity  with  the  latter  fossils,  and  with 
the  Coniferse  g^enerally,  for  these  peculiar  markings  are  usually  to  be 
observed  only  in  the  direction  of  the  ray.    The  phragmata  at  the 
joints,  which  have  been  considered  by  some  writers  as  probably  re- 
presenting the  thickness  of  the  wood,  he  considers  now  prove  to  be 
merely  thin  lateral  inward  extensions  of  the  ligneous  system,  the 
converging  lines  being  a  continuation  of  the  perpendicular  ribs,  and 
havinff  a  similar  origm ;  consequently  the  articulations  will  not  be  ob- 
•ervea  upon  the  exterior  of  the  plant.    With  respect  to  the  supposed 
fistular  character  of  the  stem,  Mr.  Dawes  states  that  he  is  m  pos- 
session of  sufficient  evidence  to  prove  not  only  that  such  was  not  the 
case,  but  that,  in  addition  to  cellular  tissue,  there  are  also  indications 
of  vascular  bundles  within  the  central  column.    The  specimens  he 
has  hitherto  met  with  retaining  these  tissues  are  very  imperfect,  but 
there  are  appearances  in  the  arrangement  which  he  regards  as  show- 
ing an  affinity  with  Endc^ns.    This  he  says  we  might  have  been 
led  to  expect  from  certain  external  characters  observed  by  Messrs. 
Lindley  and  Hutton;  and  thus  in  all  probability  these  interesting 
plants  of  the  carboniferous  epoch  will,  he  thinks,  prove  to  be  a  link 
connecting  in  some  measure  tne  three  great  classes  of  the  vegetable 
kmgdom. 


3.  Notice  on  the  Discovery  of  a  Dragon-fly  and  a  new  species  of 
Leptolepis  in  the  Upper  Lias  near  Cheltenham,  with  a  few 
remarks  on  that  Formation  in  Gloucestershire.  By  the  Rev. 
P.  B.  Brodie,  M.A.,  F.G.S. 

As  I  have  already  described  the  position  and  structure  of  the  upper 
lias  and  its  organic  contents  in  Gloucestershire*,  my  chief  object  in 
the  present  brief  communication  is  to  announce  the  occurrence  of  a 

*  History  of  the  Fossil  Insects  in  the  Secondary  Rocks  of  England,  p.  55,  ftseq. 
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nearly  jperfect  LibtUula  and  a  new  species  of  LeptoUpis  in  that  de- 
posit, for  an  account  of  which  I  am  indebted  to  the  londness  of  Mr. 
Westwood  and  Sir  Philip  Egerton. 

The  upper  lias  in  Gloucestershire  is  of  considerable  extent  and 
thickness,  and  maj  be  traced  along  the  lower  escarpments  of  the 
Cotswolds  between  the  inferior  oohte  and  the  maristone;  owing  how- 
erer  to  the  few  sections  exposed,  the  various  fossils  which  it  affords 
have  been  chiefly  obtainea  finom  one  particular  locality.  It  also 
caps  detached  outhers  a  few  miles  from  this  range,  and  if  a  line 
be  drawn  from  the  summit  of  any  one  of  them  to  a  paralld  point  in 
the  opposite  hills,  the  strata  will  be  found  to  correspond ;  and  h^ice 
we  may  infer  that  they  were  formerly  attached  to  the  main  diain,  the 
intervening  space  havmg  been  subsequently  denuded,  though  there 
are  few  traces  of  liassic  boulders  in  the  adjacent  vall^.  In  the  two 
outliers  at  Churchdown  and  Robinswood  HiU  near  Gloucester,  the 
upper  lias  is  comparatively  thin,  the  shale  resting  conformably  on  the 
maristone,  scarcely  averaging  eight  feet,  and  the  loose  pieces  of  the 
"Jisk-4fed,**  not  exceeding  a  few  inches,  but  containing  the  usual  and 
cnaracteristic  fossils'*".  I  have  not  been  able  to  detect  any  traces  of 
this  stratum  further  south ;  at  least,  its  outcrop  is  not  anywhere  seen ; 
although  the  maristone  is  largely  developed  in  the  neighbourhood  of 
Wotton-under-edge,  and  the  lower  lias,  especially  the  **  insect  lime- 
stone," extends  over  a  considerable  portion  of  the  vale,  and  contains 
some  beautiful  portions  of  insects,  particularly  wings  aUied  apparently 
to  Phryganea, 

At  Dnmbleton,  twelve  miles  north-east  of  Cheltenham,  where  an- 
other and  larger  outher  is  exposed,  the  upper  lias  shales  are  about 
150  feet  thick,  and  include  an  irregular  band  of  limestone,  locaUy 
termed  "  the  flsh-bed,"  above  alluded  to,  which  varies  from  four  to 
fifteen  inches  in  thickness.  It  occurs  near  the  lower  part  of  the  shale, 
running  at  irregular  intervals,  and  here  and  there  forming  rounded 
blocks  of  some  size.  The  outer  surface  is  soft  and  of  a  yellow  colour, 
but  towards  the  interior  it  becomes  hard  and  assumes  a  blue  tinge. 
It  has  an  irregular  fracture  when  dry,  and  as  it  is  readily  acted  upon 
by  frost,  it  does  not  make  a  good  building-stone,  though  it  wcrald 
bum  into  lime  if  required.  The  clay  contains  a  great  many  casts  of 
Ammonites  and  other  shells,  but  the  best-preserved  and  remarkable 
fossils  are  confined  to  this  limestone.  Of  these  the  insects  are  per- 
haps most  worthy  of  notice,  though  hitherto  confined  chiefly  to 
single  wings  and  el3rtra,  to  which  the  fine  specimen  about  to  be  de- 
scribed forms  at  present  a  unique  exception,  and  is,  as  far  as  I  am 
aware,  the  first  nearly  perfect  Neuropterous  insect  found  in  this 
country. 

Mr.  Westwood  observes,  that  "it  possesses  an  arrangement  of  the 
wing-veins  differing  from  that  of  any  English  species,  and  also  from 
any  foreign  species  known  to  me ;  but  it  comes  nearest  to  the  small 
British  LibelluUe  forming  the  genus  Diplax,  The  wings  are  broad 
and  nearlv  equal.  The  third  and  fourth  veins  of  the  upper  wings 
are  curved  towards  the  inner  margin  near  the  base.    The  stigmata  are 

*  See  Mr.  Buckman's  paper,  Proc.  Geol.  Soc.  toI.  iv.  part  i.  p.  211. 
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rhomboidal.  The  expansion  of  the  fore-wings  is  about  2|  inches, 
while  the  hind-wings  have  the  anal  area  very  slightly  developed,  much 
less  so  even  than  in  our  English  and  far  less  so  than  in  manv  exotic 
q)ecies.  The  expanse  of  each  wing  is  1^  inches ;  the  breadtn  of  the 
upper  wings  ^  inch,  the  breadth  of  the  under  wings  ^  inch.  The 
veins  are  most  beautifully  perfect,  and  are  better  displayed  as  the 
Riedmen  is  lying  in  the  matrix  with  its  four  wings  expanded,  Uke 
those  of  the  same  family  from  Solenhofen,  and  must  evidently  have 
died  under  circumstances  highly  favourable  to  its  preservation.  But 
in  order  to  understand  the  peculiarity  of  this  fossil  Ltbellula,  it  will 
be  necessary  to  enter  into  a  little  detail  as  to  the  general  distribution 
of  the  veining  of  the  wings  in  the  family  to  which  it  belongs ;  a  point 
which  has  been  hitherto  almost  entirely  neglected. 

"  Taking  JEshna  maculatisnma  (Latr.)  (^randis,  Donovan),  one  of 
the  largest  and  commonest  species  of  Lihellulida,  as  a  good  type,  we 
perceive  the  arrangement  of  the  chief  veins  of  the  fore-vtings 
(fig.  6)  to  be  as  foUows : — 

*'  1 .  A  subcostal  vein  extending  from  the  base,  nearly  parallel  with 
the  fore-margin  for  half  its  length,  where  it  joins  the  margin  at  an 
angle. 

"  2.  A  median  vein  (behind  the  subcostal)  which  extends  from  the 
base  to  the  tip  of  the  wing,  a  small  portion  of  the  space  between  it 
and  the  fore-margin  being  occupied,  near  the  tip  of  the  wing,  with 
the  oblong  black  stigma. 

"  3.  A  submedtan  vein,  extending  from  the  base  to  the  hind-margin 
of  the  wing,  about  one- third  of  its  length  from  the  tip. 

"  4.  A  posterior  vein  which  extends  from  the  base  to  the  hind-mar- 
gin of  the  wing  at  about  one-third  of  its  length  from  the  base. 

"  Between  the  median  and  submedian  veins,  there  is  a  short  connect- 
ing vein  at  about  the  distance  of  one-third  of  an  inch  from  the  base 
of  the  wing,  and  from  the  middle  of  this  connecting  vein  a  long  vein  (*) 
is  emitted,  the  branches  of  which  occupy  all  the  space  at  the  hinder 
extremity  of  the  wing  between  the  median  and  submedian  veins. 
There  is  also  emitted  a  short  oblique  vein  (**)  which  soon  again  joins 
the  submedian  vein  ;  the  space  between  them  forming  a  long  narrow 
(characteristic)  triangle  (f). 

"  I  win  not  here  stop  to  inquire  whether  the  veins  emitted  from  this 
short  transverse  connecting  vein  are  to  be  considered  as  branches  of 
the  median  or  of  the  submedian  vein,  but  I  believe  them  to  be- 
long to  the  former.  At  a  distance  of  about  half  an  inch  from 
the  base  of  the  wing,  we  see  another  characteristic  triangle  (ft) 
(extending  between  the  submedian  and  posterior  veins),  the  apex  of 
this  second  triangle  joining  the  apex  of  the  former  one,  and  pointing 
to  the  tip  of  the  wing.  The  short  base  of  this  triangle  is  formed  by 
an  oblique  vein  (o)  between  the  submedian  and  posterior  veins.  'We 
also  see  a  vein  (ooo)  branching  off  from  that  angle  of  the  second  tri- 
angle which  is  towards  the  hinder  margin  of  the  wing,  and  which  ex- 
tends almost  parallel  with  the  extremity  of  the  posterior  vein  (po). 
The  hind-wing  differs  in  no  respect  from  the  fore-wing  in  the  arrange- 
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ment  of  the  veins,  but  the  space  between  the  posterior  Tein  and  the 
anal  angle  of  the  hind-wing  is  greatly  enlarged. 

"  If  the  above  description  be  compared  with  the  veining  of  the  ybre- 
wing  (fig.  c)  in  the  equally  common  Libellula  depressa,  we  find  the 
same  general  arrangement,  as  far  as  the  subcostal,  median  and  subme- 
dian  veins,  and  the  branches  between  the  two  latter  are  concerned.  We 
also  see  the  second  characterbtic  triangle  (ft)  behind  the  submedian 
vein,  with  one  of  its  angles  united  to  the  extreme  angle  of  the^r«^ 
elongated  triangle  (f),  but  here  the  second  triangle  is  shortened,  and 
its  apex  instead  of  pointing  to  the  tip  of  the  wing  points  to  the  hind- 
marein ;  arisins  from  this  apex  we  see  the  two  curvea  veins  (po  and  ooo) 
which  unite  with  the  hind-margin  of  the  wing  about  halfway  between 
the  tip  of  the  submedian  vein  and  the  base.  In  .^hna  1  have  r^arded 
these  two  curved  veins  as  the  extremity  of  the  posterior  vein  and  a 
branch  of  it ;  but  in  Libellula  depressa  the  posterior  vein  (p)  is  very 
short,  and  extends  only  to  the  basal  angle  of  the  second  triangle; 
whilst  if  we  r^ard  the  two  curved  veins  above  alluded  to  as  por- 
tions of  the  same  posterior  vein,  we  might  at  first  be  led  to  beueve 
that  the  middle  part  of  this  vein  had  become  obsolete ;  whereas  I  be- 
lieve we  must  from  analogy  look  for  it  in  some  of  the  small  veinlets 
(composing  hexagonal  cells)  between  the  base  of  the  wing  and  the 
transverse  vein  forming  the  side  of  the  second  triangle  nearest  to  the 
base  of  the  wing.  This  is  I  think  rendered  quite  evident  by  tracing 
the  veins  of  the  hind-wings  connected  with  these  triangles  in  L,  de- 
pressuy  where  we  see  precisely  the  same  general  arrangement  as  in 
JEshna  maculatissima. 

"  Now  the  new  fossil  insect  has  an  arrangement  of  the  veins  in  con- 
nection with  these  characteristic  triangles  quite  different  i^m  either 
of  the  arrangements  above  described,  and  which  are  found  in  the 
whole  of  OUT  LibellulidUs  (as  separated  from  the  Jgriones,  &c.).  The 
subcostal  and  median  veins  are  in  their  normal  position,  but  in  the 
fore-wings  (A*)  the  submedian  is  greatly  deflexed,  at  about  one-sixth 
of  an  inch  from  the  base,  whereby  the  first  elongated  triangle  (f), 
which  I  have  above  described  as  extending  londtudinally  from  Uie 
little  transverse  vein,  between  the  median  and  siu)median  vein,  along 
the  latter,  is  obliquely  deflexed,  so  as  almost  exactly  to  represent  the 
second  triangle  in  Libellula  depreeea.    The  posterior  vein  b  also  de- 
flexed, whereby  the  smaller  vems  in  connection  therewith  are  thrown 
so  far  out  of  their  places  that  the  second  triangle  (ff)  takes  an  oblong- 
quadrate  form.    The  confrision  is  still  greater  in  the  hind-wings  (A  t)> 
tor  here  the  first  elongated  triangle  (f)  occurs  in  its  usual  longitudinal 
form ;  but  there  is  connected  with  it  between  its  posterior  apical  half 
and  the  deflexed  part  of  the  submedian  vein,  a  regular,  nearly  equal- 
sided  triangle  (f  *),  which,  from  being  posteriorly  bounded  by  the  sub- 
median  vein,  I  consider  only  as  analogically  representing  a  portion  of 
the  ordinarily  narrow  elongated  first  triangle ;  whilst  the  second  tri- 
angle, which  typically  occurs  between  the  submedian  and  posterior 
veins,  or  is  even  sometimes  apparent  posteiiior  to  the  posterior  vein^ 
here  becomes  an  oblique  oblong-quadrate  cell  (ff),  between  which  and 
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the  anal  margin  of  the  lund-wing  are  only  three  rows  of  cells  in  con- 
sequence of  this  part  of  the  wing  being  comparatiTelj  so  yery  narrow. 

''  As  these  tedious  details  can  only  he  understood  by  fibres,  I  have 
nren  enlarged  outlines  of  the  wings  of  the  three  species  aboye  de- 
scribed.    See  PI.  u.  figs.  A*,  AfTB  and  C." 

The  head  unfortunately  is  bo  shattered  that  it  does  not  furnish  any 
disdnctiye  characters,  and  hence,  from  the  want  of  the  more  charac- 
teristic organs,  it  will  be  difficult  to  determine  whether  it  strictly  be- 
longs to  any  of  the  numerous  subgenera  lately  separated  from  Libel" 
luldM  by  Bambun  and  Leach.  As  the  extreme  segments  are  not  yisible, 
it  is  impossible  to  discoyer  the  length  of  the  abdomen  or  the  form  of 
the  anal  appendages.  The  specimen  i^pears  to  be  a  female.  The 
eyes  are  not  seen,  but  the  basal  joints  of^one  of  the  antennse  may  be 
observed  attached  to  the  head.  One  leg  is  yery  perfect,  even  display- 
ing the  daws.  Although  this  fossil  appears  to  i^proach  nearest  to 
the  genus  Diplax,  Mr.  Westwood  considers  that  it  will  be  better  to 
adopt  IdbeUula  as  the  generic  title:  while  the  peculiar  yeining  of  the 
wings  will  form  the  ground  for  a  proyisional  subgeneric  one,  which 
he  names  Heterophlebia.  Hence  I  propose,  proyisionally,  to  name 
it  LiBSLLULA  (Linn.)  Hbterophlebia  dislocata  (Brodie)*, 
PL  ii. 

According  to  Mr.  Westwood,  the  wing  figured  in  my  work  on 
*  FossO  Insects,'  pi.  8.  fig.  2,  is  not  an  Agrion  as  there  supposed, 
but  belongs  to  the  same  species  as  the  one  above  described.  He  is 
also  of  opinion  that  fi^.  8.  pi.  10.  is  the  base  of  the  fore-wing  of  an 
allied  species  of  gigantic  size,  measuring  as  much  as  seven  inches  in 
expanse.     Fig.  4.  pi.  8.  may  also  probably  belong  to  the  same. 

A  few  sepiae,  small  Crustacea  and  shells  accompany  these  remains 
of  insects,  and  imperfect  specimens  of  LeptolepU  are  abundant,  but 
they  are  rarely  met  with  entire.  Sir  Philip  Egerton  has  been  good 
enough  to  favour  me  with  the  following  description  of  this  fish : — 

''Leptolepis  concentrictjs,  Egerton. 
**  This  distinct  and  well-marked  n>ecies  ofLeptolepis  was  discovered 
by  the  Bev.  P.  B.  Brodief  in  the  beds  of  the  upper  lias  at  Dumble- 
ton  in  the  county  of  Gloucester.  The  first  specimens  forwarded  for 
examination  contained  a  few  soales,  which,  from  their  circular  form 
and  concentric  ornament,  were  considered  by  some  to  have  belonged 
to  a  fish  of  the  Cycloid  order ;  an  error  in  which  the  zealous  disco- 
verer did  not  participate,  as  he  attributed  them  to  the  proper  genus. 
On  comparing  them  with  the  scales  of  these  fishes  already  known,  it 
appeared  impossible  to  refer  them  to  any  species  hitherto  described; 
I  tnerefore  proposed  the  specific  designation  concentricus  (which  Mr. 
Brodie  has  adopted)  in  reference  to  tneir  most  prominent  character. 
This  term  is  not  altogether  appropriate,  for  the  scales  of  all  the  spe- 

*  Mr.  Ingpen,  Vice-President  of  the  Entomolog^ical  Society,  has  kindly  given 
me  sereral  nsefnl  hints  in  the  latter  part  of  the  description  of  this  beantiful  fossiL 

t  My  friend  the  Rev.  C.  Morley  was  the  first  person  who  noticed  the  remains 
of  fishes  in  the  upper  lias  at  Dumhleton,  and  he  £rew  my  attention  to  them  some 
years  ago.— P.  B.  B. 

d2 
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cies  of  Leptolepis  present  the  same  features.  It  most  therefore  be 
considered  in  reference  only  to  degree,  since  in  Mr.  Brodie's  species 
the  sculpturing  on  the  enamelled  surface  is  visible  to  the  unassisted 
eye,  while  in  the  other  species  a  powerful  magnifier  is  required  to  detect 
it.  The  comparative  thickness  of  the  scfues  is  perhaps  a  more  im- 
portant character,  for  this  at  once  eliminates  them  from  every  other 
species  o£  Leptolepis,  and  even  invahdates,  to  a  certain  extent,  the  ge- 
neric title.  The  subsequent  discovery  of  more  perfect  specimens  (also 
submitted  to  me  by  Mr.  Brodie)  has  enabled  me  to  confirm  the  ge- 
neric identity  and  specific  differences  founded  on  the  former  specimens, 
as  also  to  complete  in  detail  the  characters  of  the  species. 

"  The  most  perfect  specimen  shows  the  head  and  two-thirds  of  the 
body,  with  the  position  of  the  ventral  and  anal  fins ;  another  fortu- 
nately completes  the  subject  by  exhibiting  the  posterior  half  of  the 
fish,  with  tne  dorsal,  ventral  and  anal  fins.     This  species  is  about  the 
same  length  as  its  nearest  ally,  Leptolepis  Bronni,  viz.  between  three 
and  four  inches  from  the  snout  to  the  extremity  of  the  tail.     The 
head,  however,  is  proportionally  smaller,  being  less  than  a  fourth, 
whereas  in  the  former  species  it  is  more  than  a  fourth  of  the  entire 
length.     The  other  dimensions  of  the  head  are  also  smaller,  while 
the  depth  of  the  body  immediately  behind  the  thoracic  cincture  is 
greater ;  consequently  the  contour  of  the  body  is  more  regularly  fusi- 
form than  in  Leptolepis  Bronni,  or  in  any  other  species  of  the  genus. 
The  opercular  and  other  bones  of  the  head  are  smooth  and  lus- 
trous, without  any  tracery  or  ornament  except  the  lines  of  growth. 
The  vertebral  column  is  robust  and  composed  of  about  thirty-six 
vertebrae.     The  hsemapophyses  of  the  six  terminal  bones  are  strong 
and  flattened  for  the  support  of  the  rays  of  the  caudal  fin.     The  pec- 
toral fins  are  of  mediocre  size,  the  number  of  rays  not  being  distin- 
guishable.    The  ventrals  are  situate  about  midway,  and  are  opposed 
to  the  dorsal  fin,  which  contains  about  a  dozen  rays.    The  caudal  fin 
is  power^l  and  has  this  remarkable  structure :  the  rays  of  the  upper 
lobe  are  principally  supported  by  the  terminal  vertebrse,  a  few  short 
ones  only  being  attached  to  the  penultimate  and  antepenultimate  apo- 
physes ;  while  in  the  inferior  lobe  the  rays  are  supported  by  the  pro- 
cesses of  the  six  terminal  bones  of  the  column,  wtiich  are  thickened 
and  compressed  to  give  a  firmer  and  broader  attachment  for  this  organ. 
This  arrangement  of  the  parts  gives  a  somewhat  heterocercal  air  to 
the  caudal  extremity,  whicn  also  obtains  in  other  species  of  this  genus 
found  in  the  lias,  viz.  Leptolepis  Bronni,  caudalis,  filipennis,  and  an 
undescribed  species  I  have  from  the  lias  of  Courcy  in  France.    The 
zeal  of  collectors  and  the  progress  of  modem  research  have  added  so 
largely  to  the  species  of  many  of  the  genera  of  fossil  fishes,  that  it 
wiU  soon  be  found  necessary  to  eliminate  some  of  the  aberrant  forms 
under  new  generic  or  subgeneric  characters.      Should  the  genus 
Leptolepis  come  into  this  category,  the  form  of  tail  above-described 
offers  an  easily  appreciable  and  appropriate  feature  on  which  to  found 
a  subgeneric  oistinction ..." 

I  have  lately  traced  the  upper  Has  in  the  south-eastern  division  of 
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Someraetshirey  where  it  occupies  the  same  relatiye  position,  retains 
the  same  mineralogical  character,  and  yields  identical  fos^.  As 
might  be  expected,  however,  in  another  and  more  distant  portion  of 
the  series,  there  are  some  genera  and  several  species  which  have  not 
yet  been  found  in  Gloucestershire :  these  will,  I  hope,  shortly  be  de- 
scribed by  Mr.  Moore  of  Ilminster,  their  discoverer,  whose  fine  local 
collection  and  zealous  labours  have  already  brought  to  light  many 
interesting  paleeontological  and  strat^n4>lucal  facts  of  novelty  and 
value. 


June  14,  1848. 

The  following  communications  were  read : — 

1 .  A  brief  Notice  of  Organic  Remains  recently  discovered  in  the 
JTealden  Formation,  By  Gideon  Algernon  Mantell,  Esq., 
LL.D.,  F.R.8.,  F.L.S.,  Vice-President  of  the  Geological  Society. 

As  our  knowledge  of  the  zoology  and  botany  of  the  islands  and  con- 
tinents that  flourished  during  the  formation  of  the  secondary  strata, 
can  only  be  extended  by  a  diligent  examination  of  the  organic  remains 
that  may  be  discovered  from  time  to  time,  it  appears  to  me  desirable 
occasionally  to  record,  however  briefly,  the  additions  made  to  the 
fossO  fauna  and  flora  of  the  Wealden,  in  the  hope  of  ultimately  ac- 
quiring data  that  will  afford  a  satisfactory  elucidation  of  that  remark- 
Ale  geolc^cal  epoch,  **The  Age  of  Beptiles-y'* — ^in  which  the  verte- 
brated  animals  that  inhabited  the  land,  the  air,  and  the  waters,  were, 
with  the  exception  of  fishes,  almost  exclusively  of  the  reptilian  type 
of  organization.  I  therefore  submit  to  the  Society  the  following  con- 
cise account  of  the  Wealden  fossils  that  have  either  come  under  my 
immediate  notice,  or  of  which  I  have  received  information  from  my 
correspondents,  since  my  last  communication  on  this  subject. 

Flora  of  the  Wealden, — The  additions  to  the  Wealden  flora  from 
my  own  researches  consist  only  of  a  few  more  instructive  examples  of 
Clathraria  and  Endogenites  than  any  previously  obtained.  Speci- 
mens of  the  stem  of  Clathraria  Lgellii,  bearing  the  characteristic 
cicatrices  formed  by  the  attachment  and  subsequent  separation  of  the 
petioles  or  leaf-stalks,  have  been  found  at  Hastings,  at  Brook  Point 
m  the  Isle  of  Wight,  and  in  the  Bidgway  cutting  near  Weymouth. 
A  water-worn  fragment  of  a  stem  of  Clathraria,  which  I  picked  up 
on  the  sea-shore  at  Brook  Bay,  was  so  much  indurated  as  to  render 
it  probable  that  the  internal  organization  of  the  original  was  preserved ; 
but  sliced  and  polished  sections  made  in  various  directions,  when 
examined  under  the  microscope,  only  presented  such  a  genend  indi- 
cation of  the  structure  as  to  enable  our  eminent  botanist.  Dr.  Robert 
Brown,  to  pronounce  that  the  essential  characters  of  the  Cycadeaceie 
were  present,  but  no  close  affinity  to  any  known  recent  genera  could 
be  detected. 
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A  specimen  of  the  internal  part  of  the  stem  of  Endogenites  erosa^ 
collected  from  the  same  locahty,  appeared  to  he  solid  throughouty 
and  therefore  likely  to  retain  the  internal  stractnre;  but  sectimis 
made  by  the  lapidary,  under  Dr.  Brown's  direction,  only  showed  that 
the  general  form  and  arrangement  of  the  bundles  of  yascular  tissue 
preserved  by  mineralization,  were  more  analogous  to  those  which  cha- 
racterize the  Cycadeace€d  than  to  an^  other  existing  plants. 

Five  or  six  small  cones,  of  the  size  of  the  juli  of  the  larch,  and 
apparently  referable  to  the  same  species  of  Ahie9  or  Pinus  as  those 
found  in  the  greensand  of  Kent*,  have  been  obtained  from  the 
Wealden  sands  and  limestones  that  emerge  on  the  sea-shore  at 
Hastings  and  St.  Leonard's,  and  in  Sandown  Bay  in  the  Isle  of 
Wight ;  and  in  each  of  these  localities  these  fossil  miits  were  collo- 
cated with  bones  of  the  Iguanodon  and  other  reptiles. 

But  although  the  Wealden  of  England  has  proved  so  barren,  that 
of  the  North  of  Germany  has  yielded  a  rich  harvest  to  the  industry 
and  talents  of  my  friend  Dr.  Wilhelm  Dunker,  of  Hesse  Cassel,  who 
has  added  to  its  flora  upwards  of  sixty  species  of  plants ;  and  he  in- 
forms me  that  he  has  discovered  several  new  ones  since  the  pubUca- 
tion  of  his  beautifid  workf.  Of  these,  thirbr  species,  belonging  to 
seven  genera,  are  Ferns,  and  twelve  are  referable  to  Cycadene  or  Za- 
mia.  The  British  Wealden  plants,  Endogenites  erosa^  SphenopterU 
Mantelli,  Carpolithru  MantelH,  and  some  species  of  Thuytea  or 
Cupressites,  apparently  identical  mth  those  from  Heathfield  in 
Sussex,  occur  in  the  same  formation  in  Germany. 

The  beautiful  figures  and  accurate  descriptions  of  all  these  plants 
in  Dr.  Dunker's  work  render  it  unnecessary  to  particularize  them ;  I 
will  only  remark,  that  the  extensive  coal-field  of  Hanover,  which  was 
long  since  identified  with  the  Wealden  by  M.  Boemer,  and  the 
numerous  plants  discovered  by  Dr.  Dunker,  prove  that  the  countries 
of  whose  debris  the  Wealden  deposits  are  composed,  were  clothed 
with  a  luxuriant  and  varied  flora,  of  which  arborescent  ferns,  cycadeae, 
and  coniferous  trees,  were  the  most  characteristic  and  predominant 
forms. 

Fauna  of  the  Wealden. — Of  the  shells  of  moUusks,  no  new  species 
have  I  beUeve  been  detected  in  England ;  but  the  Wealden  of  Ger- 
many has  proved  as  rich  in  fossils  of  this  class  as  in  vegetables. 

Eir.  Dimker  enumerates  upwards  of  100  species,  comprising  UmoX, 
5  species ;  Cyrena,  37  species ;  Cyclas,  4  species ;  Corbula,  4  species ; 
Melania,  9  species ;  Paludina,  8  species ;  Limnaa  and  Planorbis,  of 
each  1  species ;  and  of  Ostrea,  Exoyyra,  Avicula,  Modiola,  MytUus, 
Turritella,  and  NeriHna,  of  each  1  species  §. 

Crustaceans, — ^These  consist  exclusively  of  the  shields  or  cases 
of  Cyprides  and  Estheria\\,  of  which  four  new  species  have  been 

*  Quarterly  Journal  of  the  Geological  Society,  voL  ii.  p.  54. 

t  Monographie  der  Norddeatschen  Wealdenbildung,  1846. 

t  It  may  be  worthy  of  remark,  that  Mr.  Barlow,  C.E.,  has  diacovered  ipecimeiif 
of  Unio  Valdenw  (previously  known  only  in  the  Isle  of  Wight),  in  the  Wealden  of 
Sussex  and  Kent. 

§  See  Dr.  Dunker's  Monographie  der  Norddeutschen  Wealdenbildung. 

II  Of  RiippeU,  ibid.  pi.  13.  fig.  33,  p.  59. 
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found  in  Germany.  The  British  fossil  Cyprides,  first  made  known  by 
Dr.  Fitton,  also  occur  in  the  Wealden  of  the  North  of  Germany.  The 
Isopodous  crustaceans  discoyered  by  Mr.  Brodie  in  the  Vale  of  War- 
door  haye  not  been  found  on  the  continent. 

Insects. — ^To  the  list  of  Wealden  insects  giyen  by  the  Rev.  t.  B. 
Brodie  in  his  interesting  work*,  I  can  add  no  new  species ;  but  I  am 
able  to  corroborate  his  account  of  the  occurrence  of  insects  in  the 
freshwater  strata  above  the  oolite  in  Buckinghamshire ;  my  friend 
the  Rey.  J.  B.  Beade,  and  myself,  having  collected  a  few  specimens 
from  the  quarries  between  Stone  and  Hartwell.  None  of  these  are 
sufficiently  perfect  to  require  remark,  with  the  exception  of  two  frag- 
ments of  wings,  apparently  of  coleopterous  insects,  which  appear  to 
differ  from  any  figured  and  described  by  Mr.  Brodie ;  and  as  fossils 
of  this  kind  are  very  rare,  and  difficult  of  detection,  I  am  desirous  of 
picflcrving  faithfrd  representations  of  these  fragile  relics.  They  are 
accurately  figured  in  the  annexed  drawings. 

Plate  III.  fig.  1.  Fragments  of  the  membranous  wing  of  a  small 
Coleopterous  (7)  insect,  natural  size. 

Fig.  2.  The  same,  magnified. 

Figs.  3,  4,  5.  Portions  of  the  same,  highly  magnified. 

Fig.  6.  Fragment  of  another  wing,  highly  magnified. 

A  few  fragments  of  the  elytra  of  Coleoptera  have  been  observed  in 
the  Wealden  clays  and  shales  laid  bare  by  the  railway-works  between 
Tunbridge  and  Maidstone. 

Fishes. — ^The  Wealden  of  Grermany  has  yielded  one  species  of 
Enehochts,  two  new  species  of  Hybodus,  two  of  Lepidotus,  one  of 
Sph^erodus,  and  one  of  Gyrodusf.  The  scales  and  teeth  of  the  two 
well-known  British  species  of  Lepidotus  (L.  Fitiani  and  L.  Mantelli 
of  Agassiz)  appear  to  be  as  abundant  in  Grermany  as  in  the  S.E.  of 
En^nd.  Several  splendid  examples  of  the  last-named  fishes  have 
recently  been  collected  from  the  rocks  exposed  alo^  the  shore  at 
Hastings,  some  of  which  are  in  the  possession  of  Th.  Harwood  of  St. 
Leonard's,  and  of  Mr.  Moore  of  the  former  place.  The  entire  cranium 
covered  with  its  plates,  the  jaws  with  teeth,  and  the  body  enveloped 
in  its  rich  cuirass  of  scales,  are  preserved.  Some  portions  I  examined 
musi  have  belonged  to  fishes  ten  or  twelve  feet  in  length. 

The  jaws  with  teeth,  and  the  crania  of  Hybodi,  as  large  as  the 
H.  basanus  from  the  greensand  of  the  Isle  of  Wight,  described  by 
Sir  P.  Egerton^,  have  also  been  obtained.  I  have  not  been  able  to 
examine  these  Ichthyohtes  with  the  attention  necessary  to  n>eak  posi- 
tively as  to  the  species,  but  I  have  Httle  doubt  that  some  of  them  be- 
long to  the  greensand  Hybodus;  and  in  fact,  the  occurrence  of  several 
Wesldeti  plants  and  reptiles  in  that  division  of  the  cretaceous  forma- 
tion, renders  it  highly  probable  Quit  similar  fishes  will  be  found  in 
both  series  of  deposits. 

Reptiles. — Of  the  colossal  terrestrial  and  aquatic  Saurians,  whose 

*  A  History  of  the  FoslU  Insects  of  England, 
t  Mod.  Nord.  WMldeo.  p.  62. 

*  GeoL  Journtl,  vol.  i.  p.  197. 
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remains  are  so  abundant  in  some  of  the  Wealden  strata,  numerous 
detached  bones  of  enormous  size  have  been  found  at  Hastings  and 
St.  Leonard's,  and  in  Sandown  and  Brook  Bays  in  the  Isle  of  Wig^t ; 
some  specimens  have  also  been  obtained  from  the  Wealden  at  Bidg- 
waj,  by  Mr.  Shipp  of  Blandford.  The  specimens  I  hare  examined 
are,  with  but  very  few  exceptions,  referable  to  the  genera  Igucmodm^ 
nyl<B09auru9,  Megalaaurus,  Strepiospondylus{i),  P€ecilopleuron{T), 
Goniopholis,  and  Cetiotaurus  (?). 

Numerous  fragments  of  the  bones  and  canqmces  of  Cbelonians 
have  also  been  (Stained,  especially  of  the  remarkable  Wealden  Tri- 
onyx,  the  T.  Bakewelli. 

It  would  be  irrelevant  to  my  present  object  to  offer  a  detailed  ac- 
count of  the  fossils  thus  briefly  noticed,  and  I  will  simply  enume- 
rate  some  of  them,  as  exemplifying  the  general  character  of  the  re- 
mains of  this  class  to  be  met  with,  along  those  parts  of  the  coasts  of 
Sussex  and  the  Isle  of  Wight  above-mentioned. 

Plesiosaurus :  Vertebrse.     Hastings,  and  Brook  Bay. 

Cetiosauru9  (?) :  Caudal  and  sacral  vertebrae.  Hastings,  and  Brook 
Bay. 

Pcecilopleuron(l):  Vertebrae.     Isle  of  Wight. 

Strepto9pondylus{J)  :  Cervical  and  dorsal  vertebrae  of  large  sise. 
Isle  of  Wight,  and  Ti^ate  Forest. 

HyUeosintrus :  Vertebrae  and  dermal  bones.  Hastings,  and  Brook 
Bay. 

Goniopkolis :  Teeth.  Hastmgs,  Isle  of  Wight,  and  N.  of  Grermany. 

:  Vertebrae,  and  a  portion  of  the  cranium  (?). 

Macrorhynchus :  The  cranium  of  a  reptile  of  the  gavial  type,  thus 
named  by  Dr.  Dunker  from  its  extreme^  elongated  snout,  has  been 
found  in  the  Wealden  of  Grermany  near  Buckeb^re*. 

Iguanodon, — The  remains  of  this  genus  of  hen»ivorous  terrestrial 
reptiles  are  more  abundant  in  the  Wealden  strata  of  the  south-east 
of  England  and  of  the  Isle  of  Wight,  than  those  of  any  of  the  other 
saurians.  Among  the  specimens  found  last  year  in  Brook  Bay  were 
two  femora,  each  of  which  when  entire  must  have  been  four  fe^  in 
length ;  dorsal  vertebrae  five  and  a  half  inches  in  the  antero-posterior 
diameter;  several  teeth ;  dermal  tubercles  or  horns;  ungueal  bones  of 
a  more  depressed  form  than  those  in  the  Maidstone  specimen ;  frag- 
ments of  tne  sacrum,  and  of  ribs  of  large  size,  &c. 

At  Hastings  numerous  bones  have  been  collected  during  the  last 
two  years,  having  for  the  most  part  been  washed  out  of  the  ledges  of 
rock  by  the  action  of  the  waves,  the  agency  by  which  almost  lul  the 
bones  from  this  locality,  and  from  the  Isle  of  Wight,  are  brought  to 
view.  In  the  cabinets  of  Dr.  Harwood,  Mr.  Moore,  and  other  local 
collectors,  I  have  seen  bones  of  the  Iguanodon  of  great  magnitude. 
The  lower  extremity  of  a  femur  measures  forty-one  mches  in  circum- 
ference at  the  condyles,  and  exceeds  in  magnitude  by  nearly  one-third 

*  Mon.  Norddeutschen  Wealden.  ttb.  20.  Another  gennt  of  Storums  has  il*o 
been  proposed  by  Meyer,  from  part  of  a  vertebral  column  with  ribs  from  near 
Harrel,  and  named  PAo^o#aiinit.^Ibid.  p.  71,  tab.  17, 18, 19. 
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the  largest  example  in  the  British  Museum.     Teeth  of  this  reptile 
are  very  rarely  fomid  at  Hastings. 

Upper  and  lower  jaw  of  the  Iffuanodon. — ^But  the  specimen  of  the 
lughest  interest  that  has  heen  lately  discoTered  is  a  considerahle  por- 
tion of  the  lower  jaw  of  an  adult  Iguanodon  with  three  successional 
teeth  in  place,  obtained  from  a  quarry  in  Tilgate  Forest  by  Capt. 
Lambart  Brickenden,  F.6.S.,  to  whose  liberality  and  ardent  love  of 
Mience  I  am  indebted  for  it.  This  fossil  consists  of  the  right  den- 
taiy  and  opercular  bones ;  it  is  twenty-one  inches  long,  and  when 
perfect  must  have  been  two  feet  in  length.  According  to  the  pro- 
portions of  the  maxillary  elements  in  the  Iguana,  the  entire  lengtn  of 
the  jaw  to  which  this  specimen  belonged  was  four  feet.  Two  succes- 
sional teeth,  and  yestiges  of  a  third,  remain  in  their  natural  situation, 
within  the  internal  alveolar  parapet ;  and  there  are  sockets,  or  rather 
excayations,  for  nineteen  or  twenty  mature  teeth  in  the  outer  wall  of 
the  alyeolar  process.  The  implantation  of  the  teeth  was  intermediate 
between  the  pleurodout  and  thecodont  types. 

As  this  specimen  is  the  first  uneijuiyoad  example  of  the  lower  jaw 
of  an  Iguanodon  hitherto  known,  it  is  of  the  highest  interest  in  a 
palseontological  point  of  yiew.  A  fragment  of  the  upper  jaw — ^the 
anterior  part  of  the  left  maxillary  bone — discovered  by  me,  and  now 
in  the  British  Museum,  interpreted  by  the  aid  afforded  by  this  recent 
acquisition,  has  enabled  me,  with  the  valuable  assistance  of  that  emi- 
nent comparative  anatomist.  Dr.  A.  G.  Melville,  to  obtain  some  im- 
portant and  very  unexpected  results.  But  as  I  have  laid  before  the 
Boyal  Society,  in  whose  Transactions  my  first  memoir  on  the  teeth  of 
the  Iguanodon  was  published  in  1825,  a  full  account  of  the  anatomical 
charaucters  of  the  maxillary  and  dental  organs  of  this  reptilian  herbi- 
vore, and  the  physiological  deductions  resulting  therefrom,  I  will  only 
briefly  notice  a  tew  of  the  most  striking  peculiarities. 

In  the  Iguanodon,  the  true  saurian  type  of  structure  is  manifested 
in  the  mode  of  implantation  and  constant  reproduction  of  the  teeth, 
and  in  the  composite  construction  of  the  lower  jaw,  each  ramus  con- 
sisting of  six  pieces.  But  the  teeth  of  the  upper  and  lower  maxillae 
are  pkced  in  a  reversed  position  in  relation  to  each  other,  as  in  the 
Ruminants ;  the  enamelled  coronal  facets  of  the  lower  series  facing 
the  inside  of  the  mouth,  and  those  of  the  upper  the  outside.  From 
the  appearance  of  the  abraded  coronal  portion  of  the  used  molars, 
it  is  evident  that  the  teeth  of  the  opposite  jaws  were  arranged  sub- 
alternately  or  intermediately,  for  the  grinding  surface  of  each  tooth 
presents  two  facets,  from  the  attrition  of  two  antagonist  teeth. 

Another  most  extraordinary  modification  of  structure  is  presented 
by  the  anterior  part  of  the  dentary  bone ;  and  it  is  one  that  could  not 
have  been  predicated  from  any  thmg  previously  known  as  to  the  max- 
illary organization  of  reptiles.  The  symphysial  portion,  or  front  of 
the  lower  jaw,  instead  of  being  crested  by  the  alveolar  process  beset 
with  teeth,  and  continued  uninterruptecUy  round  the  mouth,  as  in 
existing  lizards,  is  edentulous,  and  contracted  in  a  yerti(*al  direction, 
extending  horizontally,  and  uniting  by  suture  with  the  opposite  side. 
Thus  the  two  rami  form  by  their  union  an  expanded  scoop-like  pro- 
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cess,  which  Tery  closely  resemhles  the  corresponding  part  in  ^le 
Sloths,  and  especially  that  of  the  extmct  colossal  Edentata — the  My- 
lodons.  The  dental  canal  is  very  large,  and  the  number  and  size  <^ 
the  vascular  foramina  sent  off  from  it,  and  opening  on  the  outer  sur- 
face of  the  lower  jaw,  and  along  the  sympnysis,  indicate  the  great 
dcTclopment  of  the  lower  lip,  and  of  the  soft  parts  and  integuments 
that  invested  the  jaw. 

The  physiological  inferences  suggested  by  this  confienration  of  the 
dentary  bone  are  in  perfect  harmony  with  those  derived  from  the 
structure  of  the  teeth,  and  we  have  now  unquestionable  proof  that 
the  Iguanodon,  like  the  colossal  Edentata,  possessed  a  large  prehen- 
sile tongue  and  fleshy  Hps,  capable  of  being  protruded  and  retracted ; 
these  must  have  formed  most  efficient  instruments  for  seising  and 
cropping  the  foliage  and  branches  of  the  ferns,  cycaden,  and  coni- 
ferous trees,  which  doubtless  constituted  the  food  of  this  saurian  re- 
presentative and  predecessor  of  the  ^reat  herbivorous  mammalia. 

The  true  characters  of  the  maxillary  organs  of  the  Iguanodon 
being  thus  established,  I  have  been  able  to  determine  with  more  pre- 
cision the  nature  of  several  fragments  of  bones,  which  were  tempo- 
rarily referred  to  that  animal.  The  portion  of  a  lower  jaw  of  a  small 
lizard  from  Tilgate  Forest,  describ^  by  me  in  the  Philosophical 
Transactions  for  1841  as  probably  that  of  a  young  Iguanodon,  is 
evidently  subgenerically,  if  not  generically,  distinct,  though  clearly 
belonging  to  the  same  remarkable  &inily.  This  saurian  I  therefore 
now  propose  to  distinguish  by  the  name  of  Regnosaurut*,  to  indicate 
the  (ustrict  in  which  it  was  discovered ;  with  the  specific  designatjwi 
of  Northamptoni,  as  a  tribute  of  respect  to  the  noble  President  of  the 
Royal  Society. 

Summary, — ^The  fauna  of  the  Wealden,  according  to  the  present 
state  of  our  knowledge,  comprises  the  following  Vertebrata : — 

Fishes. — ^About  30  spedes ;  of  which  one  belongs  to  the  Cydoid 
order,  16  are  Placoids,  and  15  Ghmoids. 

Reptiles. — ^Twelve  genera  of  Saurians ;  and  there  are  indications 
of  four  or  five  not  yet  established. 

One  genus  of  flying  reptiles — ^the  Pterodactyle. 

Four  or  five  genera  of  Chdonians. 

Of  the  warm-blooded  Vertebrata,  bones,  supposed  to  belong  to 
Birds  (Pakeomithis),  are  the  only  vestiges  hitherto  obtained. 

In  concluding  this  imperfect  sketch  of  the  firana  and  flora  of  the 
Country  of  the  Iguanodon,  it  is  impossible  not  to  indulge  for  an  in- 
stant in  a  retrospective  glance  at  the  light  shed  by  geoloeical  researches 
during  the  last  quarter  of  a  century,  on  the  physical  nistory  of  that 
terra  incognita  of  my  early  years — the  Wealden  district  of  my  native 
coimty ;  and  I  will  venture  to  affirm,  that  notwithstanding  the  in- 
terest and  importance  of  the  organic  remains  that  have  been  dis- 
covered, the  palfieontology  of  the  fluviatile  deposits  of  the  South-east 
of  England  is  as  yet  but  very  imperfectly  explored,  and  that  relics 

*  Siusex,  the  tncient  kingdom  of  the  Regni. 
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of  the  past,  more  precious  than  anj  hitherto  obtained,  remain  to 
reward  the  labours  of  futore  observers.  I  would  also  remark,  that 
the  fiust  of  so  long  a  period  as  nearly  thirty  years  having  elapsed  be- 
tween the  first  diKovery  of  detached  teeth,  and  of  a  portion  of  the  jaw 
of  an  Iguanodon  with  teeth  in  place,  notwithstanding  diligent  and 
constant  research,  is  worthy  of  especial  consideration,  as  a  striking 
proof  of  the  little  reliance  that  ought  to  be  placed  on  what  is  termed 
negative  evidence ;  and  it  suggests  the  salutary  caution,  that  we  should 
not  hastily  infer  the  non-existence  of  any  forms  of  animated  nature  in 
the  earlier  ages  revealed  by  geology,  simply  because  no  vestiges  of 
their  organic  remains  have  been  detected. 


2.  On  the  Pontion  and  General  Characters  of  the  Strata  exhibited 
in  the  Coast  Section  from  Christchurch  Harbour  to  Fools 
Harbour.  By  Joseph  Frestwich,  Jun.,  Esq.,  F.G.S. 
I  HAVE  on  former  occasions  described  the  eocene  strata  of  White- 
chffBay  and  of  Alum  Bay  * .  The  sections  of  these  two  localities  show 
in  a  remarkable  manner  the  changes  there  undergone,  in  the  com- 
paratively short  distance  of  twenty  miles,  by  the  series  of  sands  and 
days  forming  the  Bracklesham  Bay  beds,  and  included  between  the 
London  clay  and  the  Barton  clay.  I  also  gave  the  commencement 
of  the  section  of  the  Barton  clays  at  Barton,  to  show  their  connection 
with  the  upper  part  of  the  section  at  Alum  Bay.  I  have  recently 
had  the  opportunity  of  further  examining  the  coast-sections  from 
Barton  ClifT  to  Foole  Harbour,  with  a  view  to  continue  the  sequence 
of  superposition  lower  in  this  more  westward  portion  of  the  series. 
This  part  of  the  coast  was  described  by  Sir  Charles  Lyell  in  a  paper 
read  before  this  Society  in  March  1826.  I  need  not  uierefore  enter 
into  a  detailed  description  of  the  strata,  but  will  confine  myself  to  the 
question  of  the  exact  position  which  Uiey  bear  with  reference  to  the 
Barton  clay,  and  to  a  tew  general  observations  cm  their  physical  con- 
ditions. The  progress  made  by  the  sea  in  the  destruction  of  the 
difPs  has  also,  1  believe,  brought  to  light  some  new  features. 

In  the  first  place  I  have,  i  think,  obtained  evidence  of  the  exist- 
ence of  the  Barton  clays  to  the  westward  of  Christchurch  Harbour ; 
consequently  the  section  downwards  from  them,  which  I  had  discon- 
tinued at  Muddiford,  can  now  be  taken  up  and  continued  uninter- 
ruptedly to  Foole  Harbour. 

Mr.  Webster  and  Sir  Charles  Lyell  have  both  noticed  the  sands 
which  underlie  the  Barton  clavs  at  the  end  of  the  Barton  Cliff  near 
Muddiford.  After  leaving  this  cliff,  Christchurch  Harbour,  with  its 
dunes,  intervenes  for  the  space  of  a  mile  and  a  half  before  we  reach 
the  cUff  at  Hengistbuiy  Head.  The  relation  of  the  strata  at  this 
point  to  those  of  the  Barton  cliffs  is  thereby  obscured,  and  the  se- 
quence rendered  apparently  incomplete. 

It  may  be  necessary  here  again  to  mention  briefly  the  eeneral  cha- 
racters of  the  lower  part  of  the  Barton  clays  as  exhibited  in  the  cliff 
east  of  Muddiford.    The  extreme  abundance  of  fossils  in  the  upper 
*  Quart.  Joom.  Geol.  Soc.  vol.  ii.  p.  224,  and  vol.  iii.  p.  408. 
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part  of  the  Barton  clays  near  Hordwell  is  well  known,  but  in  descend- 
ing lower  in  the  strata  they  become  much  scarcer,  and  almost  entirely 
disappear  at  the  base  of  these  clays.  The  strata  also  become  gene- 
rally more  mixed  with  sand,  much  of  which  consists  of  greensand.  At 
the  end  of  the  cliff  near  High-cUff  House,  nearly  cme  mile  east  of 
Muddiford,  we  have  the  foUowing  section,  fig.  1 . 

Section  near  the  West  end  of  Barton  Cliff. 

w.  E.  ^K-  1- 

Muidy  daji  with  imperfeet  ▼egeCable  re- 
i 

fl  Kptaria  mixed  with  greeoaand. 
*  naand  with  a  few  indiadnct  impitHMMM 

]  uid  a  few  pebble*. 

Lnt  pebbles  in  light-coloured  Mad. 


claTCT  Mnd  ftiU  of  car-  ' 
imaU  fragments  of  Tcge- 


ind  of  sandstone. 


«Te  the  sandstone,  bat 
hter  and  more  sandy. 


irn   and   rellow   davej 
h  impemct  yegetable 


The  upper  part  of  this  bed 
thins  out  as  it  tzends 
westward,  whilst  the 
lows*  part  loses  its  bitu- 
minous claj  and  passes 
into  a  fine  whitish  and 
yellow  sand  full  of  the 
same  carbonised  frag*- 
ments  of  T^etables. 


If  the  strata  at  the  Barton  cliffs  and  those  at  Hengistbury  Head 
were  on  the  same  line  of  strike,  and  no  fault  intervened,  we  might 
expect  to  find  at  the  latter  place  beds  lower  in  the  series  than  those 
we  left  at  the  former ;  but  it  will  be  perceiyed  that  Hengistbury  Head 
projects  south  in  advance  of  the  general  line  of  coast,  and  conse- 
quently is  not  in  the  same  bearing  of  the  strata  as  the  Barton  Cliffs. 
At  Hengistbury  Head  the  strata  are  more  in  the  trough  of  the  syn- 
clinal line  of  which  the  anticlinals  of  the  Isle  of  Wight  and  Isle  of 
Purbeck  form  the  southern  edge.  This  may,  I  think,  account, 
without  any  disturbance,  for  the  reappearance  of  the  Barton  clays  on 
the  other  side  of  Christchurch  Harbour  at  Hengistbury  Head.  I 
have  Uttle  to  add  to  Sir  Charles  Lyell*s  description  of  the  cliflfs  at 
this  place,  and  beg  to  refer  to  his  paper  for  fuller  details  than  I  pur- 
pose entering  into.  I  would  venture  however  to  introduce  the  group- 
ing shown  in  the  section  fig.  2. 

In  examining  this  section  we  find  a  near  lithological  resemblance 
to  the  cliff  east  of  Muddiford.  The  difference  is  no  greater  than  is 
common  at  like  distances  in  any  beds  of  this  varying  series.  The 
same  general  characters  are  preserved,  but  some  slight  details  vary. 
The  sands  at  the  base  of  both  sections  are  exactly  alike  in  appearance, 
and  present  in  both  places  the  same  peculiar  fragmentary  and  carbo- 
nized appearance  in  their  imbedded  vegetable  remains.     Then  we 
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Section  of  the  Cliff  at  Hengistbury  Head. 
Fig.  2. 

I  flinigniTd. 


Feet. 


ijey  nada  full 
taale  renudna. 

h  mixed  with 
irhite  &  green. 


r  5 


Theae  beds  foim  one  •€• 
ries,  and  pasa  one  into 
the  other.  It  containa 
large,  flat,  very  ferru- 
ginoua  aeptaria  full  of 
carbonized  Tegeuble 
fragmenta  and  with  a 
very  few  caau  of  ahella. 
In  the  lower  bed  of 
clay  casta  of  shells  are 
also  very  rarely  found, 
but  in  parts  of  the  days 
above  they  are  not  un- 
common ;  afewpebblea 
^     occur  throughout. 


sy  clay  much 
Rrith  patches  of 
md. 

3  to  i  ^^^  pebbles 

e  sand. 

And  full  of  small  fragmenU  of  carbonised  vegetable 
I.  About  ^  mile  west  of  the  headland  the  car- 
pus matter  so  greatly  increases,  that  the  upper  part 
sand  for  a  thickness  of  A  feet  passes  into  a  black 
tceous  sand.  The  thickneas  of  this  stratum  is 
A  in  this  part  of  the  cliffii. 

baTe  the  same  well-marked  bed  of  black  flint  pebbles,  yar3diig  in  size 
irom  a  marble  to  a  swan's  egg,  and  imbedded  in  white  and  yellow 
sand  and  formine  a  perfect  gravel-bed.  Above  these  are  the  clays, 
rather  more  sandy,  it  is  true,  at  Hengistbory  Head  than  in  Barton 
ehfT  and  the  septaria  more  ferruginous,  but  with  no  character  of  any 
value  as  indicating  difference  of  origin.  In  further  corroboration  we 
have  the  evidence,  scanty  though  it  be,  of  organic  remains.  In  the 
lower  part  of  the  clay  at  Hengistbury  Head  they  are  extremely 
scarce :  I  only  found  one  cast  of  a  small  Modiola  and  some  teeth  of 
the  Lamna.  Rather  higher  in  the  section,  and  at  a  short  distance 
west  of  the  Head,  I  however  found  very  friable,  but  abundant  re- 
mains of  Barton  clay  species  of  Panopsea,  Solen,  Cytherea,  Pectun- 
culus  and  Venericardia.  Of  themselves  these  few  fossils  woidd  be 
insufficient  to  determine  the  age  of  these  clays.  Several  of  them 
equally  mark  the  Bracklesham  beds,  though  on  the  whole  they  pro- 
bably more  resemble  those  of  the  Barton  clays  ;  but  this  fact  being 
supported  by  a  superposition  and  by  lithological  characters,  agreeing 
with  the  lower  beos  of  the  Barton  clay  at  Barton,  it  follows  that  the 
weight  of  evidence  is  in  favour  of  their  belonging  to  this  series.  I 
had  not  time  to  work  out  more  fully  the  organic  remains  of  this  bed, 
but  a  fiirther  search  would,  I  am  convinced,  bring  many  more  to 
light.  There  is  a  brick-pit  recently  opened  immediately  on  the  eastern 
side  of  the  headland,  at  which  I  requested  the  men  to  collect  any 
specimens  they  might  meet  with. 

The  septaria,  although  containing  almost  exclusively  carbonized 
fragments  of  plants  and  imperfect  vegetable  impressions,  also  showed 
traces  here  and  there  of  shells.  The  "  Teredo  antenauta  "  was  far 
from  uncommon  in  some  of  the  large  fossil  stems  of  trees  which  are 
found  both  in  the  clays  and  in  the  septaria.  I  would  also  call  atten- 
tion to  the  occasional  occurrence,  in  a  tolerably  perfect  state,  of  the 
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seeds  of  plants  amongst  the  mass  of  fragmentary  v^etable  remains 
in  the  septaria. 

The  cliffs  range  westward  about  half  a  mile  without  any  lower 
strata  outcropping.  For  a  distance  of  nearly  a  mUe  we  then  find 
nothing  but  low  cliffs  of  sand  and  gravel,  which  interrupts  the  se- 
quence of  stratification.  When  the  cliff  rises  spin  it  consists  of 
gravel  underlaid  by  whitish  and  yellow  sands  regukrly  stratified,  but 
with  no  characters  sufficiently  definite  to  indicate  to  what  exact  part 
of  the  series  they  belong.  After  a  continuation,  however,  of  this 
section  for  about  half  a  mile,  we  luckily  meet  with  a  slight  throw-in 
of  an  overlying  stratum,  which  enables  us  to  resume  the  puui  of  super- 
position in  descending  order.     The  section  is  as  follows. 

Fig.  3. 


J^^vi^V^^:;i^A>^%^/%^>^^  Ochrewu  flint  gmnH. 

=rr~73^mMiHBHiilil   m  ■  '  •tr:->.^ii?.v..vi--r-.^'vV.vr.       p^^   ^^  ^^^   mixed  with 

^^        patchea  oif  greenaand. 
^^  A.  Bounded  flint  pebble*  in  wiu- 
tish  nnd. 
.  Sandt-^white  and  yellow. 

Here  we  evidently  have  in  a  small  depression  the  base  of  the 
Barton  days.  The  peculiar  appearance  of  the  clays  "  a  "  mid  of  the 
bed  of  pebbles  "  b  '*  cannot,  at  this  short  distance  from  its  last  i^ 
pearance,  be  mistaken,  and  this  structure  and  order  is  peculiar  to  this 
part  of  the  series. 

After  this  slight  reappearance  the  Barton  clays  are  not  seen  again. 
As  we  proceed  westwara  the  cliffs  rise  in  height,  and  ranse  uninter- 
ruptedlv  to  the  entrance  of  Poole  Harbour,  a  distance  of  six  mOes 
and  a  half;  but,  as  observed  by  Sir  Charles  Lyell,  the  section  is 
continued  "  so  precisely  in  the  line  of  bearing  of  the  strata  that  no 
new  beds  rise  up ;"  the  whole  consisting  of  the  sands  which  inune- 
diately  underlie  the  Barton  clays. 

Notwithstanding,  however,  the  want  of  ^sh  outcrops,  there  is 
much  to  interest  in  the  illustration  which  these  strata  afford  of  rapid 
changes  of  condition  within  short  distances. 

To  commence  with  the  pebble  bed  '*  b,"  This  at  first  sight  might 
appear  to  thin  out,  whereas  it  in  reality  forms  the  upper  part  of  the 
Cliff  for  a  considerable  dbtance  westward ;  but,  from  the  circumstance 
of  its  immediately  underlying  the  common  surface-gravel  in  this  part 
of  its  course,  it  may  readily  be  confounded  with  it ;  a  closer  exami- 
nation will,  however,  distinctly  show  the  difference  between  the  two. 
The  one  is  a  conftised  mass  of  angular,  with  a  few  round,  flint  pebbles 
in  clayey  ochreous  sand ;  the  other  consists  uniformly  and  solely  of 
perfectly  rounded  smaller  or  larger  flint  pebbles,  mixed  with  more  or 
less  sand,  and  always,  when  thelatter  predominates,  showing  distinct 
though  rough  stratification. 

At  Alum  Bay  we  have  seen  this  bed  of  pebbles  about  six  inches 
thick  (see  Section  of  Alum  Bay,  stratum  28),  and  consisting  of  pebbles 
about  the  size  of  an  egg. 

At  the  end  of  Barton  Cliff  the  pebbles  are  generally  larger,  and 
the  bed  is  about  a  foot  and  a  half  thick.     At  Hengistbury  Head  its 
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thjefaess  has  increased  to  about  three  feet ;  two  miles  westward  of 
this  headland  it  is  four  feet  thick.  Thus  far  it  has  increased  in  thick- 
aess  Teiy  graduaUy^  and  its  character  has  not  materially  changed,  the 
proportion  of  pebbles  and  sand  and  the  size  of  the  former  not  yarying 
much.  At  this  point  however  it  begins  to  be  rapidly  developea,  as 
represented  in  fig.  4. 

Fig.  4. 

Ocfareoiu  flint  gravel. 

Pebble  bed  irree:ularly  intentratifled  with 
sand.  Some  oi  the  round  flinta  aa  large  aa 
cannon-balU. 

Whitish  and  yellow  aanda. 

The  pebbles  now  become  lai^r ;  irregular  and  false  stratification 
with  beds  of  sand  sets  in,  and  in  the  range  of  fifty  yards  this  stra- 
tum attains  a  thickness  of  fifteen  feet.  So  rapidly  does  the  change 
proceed,  that  by  the  time  we  have  reached  within  two  miles  of 
boumemouth,  or  three  miles  westward  of  Hengistbury  Head,  this 
couglomerate  bed,  which  at  the  latter  place  we  have  seen  to  be  only 
thr^  feet  thick,  is  developed  to  a  thickness  of  about  forty  feet.  This 
forms,  for  its  Umited  extent,  the  most  important  conglomerate-bed 
in  the  English  tertiaries. 

Below  this  bed  is  a  series  of  laminated  and  impure  sands.  In- 
dications of  the  variations  they  present  we  have  already  perceived 
at  Barton  Cliff  and  at  Hengistbury  Head ;  there  however  their  de- 
velopment is  confined  both  as  r^ards  thickness  and  range,  but  in 
the  Bournemouth  cliffs  they  are  exhibited,  as  we  have  before  said, 
in  perfect  continuity  for  a  range  of  six  miles,  and  with  a  thickness  of 
probably,  as  Sir  Charles  Lyell  estimates,  about  150  feet. 

The  sands  are  at  one  spot  white,  at  another  yellow,  then  light  red, 
sometimes  coarse,  at  other  places  very  fine ;  the  clays  are  here  very 
carbonaceous  and  compact — ^there  they  are  interlaminated  with  sand'; 
elsewhere  they  consist  of  fine  pipeclays ;  all  these  changes  are  not 
changes  in  different  parts  of  a  vertical  section,  but  changes  in  the 
lame  bed  and  on  the  same  levels,  with  incessant  passages  from  one  to 
the  other  state  of  things.  In  one  part  of  the  cliff,  as  near  Boscombe 
for  example,  nothing  can  appear  more  tranquil  and  reeular  than  the 
arrangement  of  the  beds.  The  upper  part  of  the  diff  consists  of 
well-marked,  horizontal  and  uniform,  fine  white  laminated  sands, 
passing  downwards  into  yellow  sands,  the  whole  having  a  ribboned 
appearance  at  a  distance,  and  reposing  upon  horizontaiUy-deposited 
and  laminated  fine  dark  grey  clays. 

At  a  short  distance  east  from  this  we  find  these  clays  almost 
entirely  replaced  by  sands ;  they  then  reappear  again  with  strongly- 
marked  false  stratification.  Further  still  they  again  disappear,  and 
then  they  not  only  reappear  as  before,  but  the  sands  above  and  below 
them  assume  the  same  hthological  characters,  and  the  whole  chff 
presents  a  face  of  laminated  clays.     And  thus  it  continues  from 
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beginning  to  end ;  clays  replacing  sands  and  sands  clays,  horizontal 
lamination  giving  way  to  oblique  lamination,  and  then  chanfi;ing  again, 
with  extreme  frequency.  So  great  are  the  changes,  that  if  the 
country  were  only  exposed,  here  and  there  along  the  line  of  cli£P,  by 
pits,  it  would  hardly  be  supposed  that  the  sections  were  in  one  and 
the  same  stratum. 

Westward  of  Bournemouth  the  division  into  layers  of  coarser  sand 
and  fine  clays  is  more  marked ;  pipeclays  become  more  frequent.  It 
was  in  one  of  the  latter  subordinate  layers,  a  short  distance  west  of 
Bournemouth,  that  the  Rev.  P.  B.  Brodie  discovered  the  impressions 
of  leaves*  :  they  are  beautifully  preserved,  and  in  one  or  two  seams 
are  most  abundant,  but  the  species  are  not  numerous.  At  the  end 
of  the  chff,  towards  Poole  Harbour,  there  are  indications  of  the 
appearance  of  an  imderlying  bed,  consisting  of  a  dark  grey  clay  with 
numerous  flat  masses  of  iron  pyrites ;  without  seeing  it,  however,  in 
greater  extension,  it  would  be  difficult  to  say  whether  it  is  or  is  not 
subordinate  to  the  sands  of  Bournemouth  Chff. 

As  a  whole,  this  stratum  may  be  considered  to  consist  of  whitish 
and  yellow  sands,  occasionally  very  coarse,  irregularly  laminated  with 
subordinate  dark  carbonaceous  clays,  which  latter  are  however  chiefly 
developed  in  the  middle  part  of  the  stratum.  It  represents  pro- 
bably the  strata  Nos.  27  and  28  of  the  Section  of  Alum  Bay  Cliff, 
and  consequently  the  fossil  plants  of  Bournemouth  occupy  a  higher 
position  in  the  series  by  300  to  400  feet  than  those  of  Alum  Bay, 
which  occur  in  stratum  1 7t*  Compared  with  the  strata  around  Lon- 
don, these  beds  would  form  part  of  the  Upper  Bagshot  sands,  or 
the  upper  part  of  the  Bracklesham  Bay  series  of  Hampshire. 
The  clays  worked  within  a  mile  or  two  of  Poole  I  beheve  also  to 
belong  to  the  same  series,  but  I  am  not  yet  in  possession  of  data 
sufficient  to  establish  a  continuance  of  the  series  downwards.  The 
sections  are  numerous ;  but  they  are  not  connected,  and  the  want  of 
fossils,  and  the  rapid  changes  which  we  know  to  take  place  in  the 
same  stratum  on  the  same  level,  and  of  which  I  have  Airther  seen 
some  interesting  examples  in  the  railway-cuttiuffs  between  Poole  and 
Wimboume,  together  with  the  frequent  repetition  of  very  similar 
characters  in  the  different  verticiil  parts  of  this  series,  render  it 
necessary  to  proceed  in  the  study  of  the  relative  superposition  of  the 
strata  in  this  part  of  the  country  with  much  caution. 

As  a  study  of  a  peculiar  physical  tertiary  structure,  this  is  a 
district  of  considerable  interest.  In  the  east  of  the  Isle  of  Wight 
we  observe  the  portion  of  the  eocene  series  between  the  London  clav 
and  the  Barton  clay  to  consist  of  clays  and  fine  sands  repeated  witli 
but  Httle  variety  and  in  considerable  thickness.  The  absence  of 
strong  drifts  is  denoted  by  the  abundant  fossils  and  by  the  beds  of 
shells  in  their  normal  position,  uninjured  as  at  the  moment  of  their 
entombment,  whilst  vegetable  remains  are  scarce.  At  Alum  Bay,  on 
the  contrary,  the  remains  of  drifted  v^tables  are  common ;  the  strata 
are  strongly  marked, — fresher,  as  it  were,  from  their  source ;  exhibit 

*  Proc.  Geol.  Soc.  vol.  iii.  p.  592. 

t  Joura.  GeoL  Soc.  vol.  iii.  section  p.  408. 
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the  action  of  stronger  drifts,  and  do  not  contain  a  single  fossil  to 
represent  the  200  species  abounding  in  the  synchronous  strata  at  so 
short  a  distance  eastward.  Continuing  the  examination  still  further 
westward,  we  see  every  indication  of  an  approach  to  those  waters 
which  transported  into  the  then  seas  the  materials  of  which  this 
series  is  formed.  Extreme  irregularity  prevails;  the  coarser  por- 
tions have  here  been  left.  In  strong  contrast  with  the  coarse  erits 
and  sands  are  the  fine  white  clays,  the  result  probably  of  intermediate 
action  so  quiet  as  to  carry  but  little  of  such  sediment  beyond  this 
threshold ;  whilst,  on  the  contrary,  silt,  which  here  under  the  stronger 
aqueous  action  remained  in  small  proportion  and  with  few  subdi- 
visions, became,  as  it  were,  by  its  longer  transport,  sorted  and  sifted. 
We  thus  have  at  Alum  Bay  a  succession  of  clearly-defined  and  well- 
marked  strata,  the  representatives  of  which  from  Christchurch  to 
Dorchester,  there  is  reason  to  beheve,  are  fewer,  less  distinct,  and 
much  entangled.  I  here  merely  allude  to  these  questions  to  show 
the  interest  which  ground,  apparently  geologically  barren  and  unat- 
tractive, may  possess  when  viewed  in  its  larger  bearing  of  ancient 
physical  conditions.  To  enter  upon  them  fruly  would  require  a  fiir 
more  complete  survey  of  this  district. 


3.  On  Ingleborough  Cave.     By  J.  W.  Farrer,  Esq.,  F.G.S. 

I  venture  to  lay  before  the  Society  a  plan  of  the  Ingleborough 
Cave  in  Clapdale.  In  Mr.  Phillips's  paper  "  On  a  group  of  Slate 
Rocks,  &c."  published  in  the  Transactions  of  the  Greological  Society, 
secon'^  series,  vol.  iii.  part  i.  p.  12,  under  the  title  "  Clapham-dale," 
the  dale  or  valley,  of  which  the  cave  forms  a  feature,  is  described. 
The  "  broad  depressed  cavern"  mentioned  by  him  is  a  httle  beyond 
the  mouth  (A)  of  the  "  Old  Cave,"  immemorially  known,  the  extent 
of  which  is  shown  upon  the  plan.  At  that  time  a  curtain  or  barrier  of 
stalactite  (a),  descending  from  the  limestone  roof,  was  supposed  to  be 
rock,  but  in  September  1837,  a  passage  being  cut  through  it,  the 
several  galleries  and  chambers  marked  upon  the  plan  (fig.  1)  were  dis- 
covered. This  series  of  ealleries  and  chambers  has  at  some  distant 
period  been  the  course  oi  the  beck  or  stream  which  Mr.  PhiUips  no- 
tices, but  the  great  accumulation  of  stalagmite  on  the  floor  has  diverted 
its  course  and  forced  it  to  work  out  another  channel,  and  to  issue 
generally  through  "  the  broad  depressed  cavern." 

The  rock  in  which  these  caves  are  situated  is  on  the  line  of  the 
Great  Craven  Fault,  and  is  the  Great  Scar  Limestone  described  by 
Prof.  Sedswick  in  a  paper  published  in  the  same  Transactions  (second 
series,  vol.  iv.  part  i.  p.  69).  In  floods,  the  "broad  depressed 
cavern,"  called  in  the  country  "Little  Beck-head,"  is  not  sufficiently 
large  for  the  body  of  water,  which  rushes  from  the  hills  above  through 
the  fissures  and  hollow  interior  windings  in  the  rock ;  and  it  then 
forces  itself  a  passage  through  the  larger  (supposed  to  be  the  original) 
mouth.  The  cave  described  on  the  j^an  is  m  its  extent  wet.  On  its 
floor  are  numerous  basins  formed  of  stalagmite  from  one  foot  to  four 
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feet  in  depth ;  some  of  these  remain  full  of  water  as  when  discovered ; 
from  others  the  water  has  heen  let  off  for  the  purpose  of  rendering 
the  cave  passahle.  In  the  narrower  parts  or  galleries,  in  which  these 
basins  have  not  heen  formed,  the  bottom  is  covered  with  sand  and 
gravel  of  limestone  and  millstone  grit,  pebbles  of  various  sizes,  ce- 
mented together  in  many  places  by  carbonate  of  Ume.  It  is  unne- 
cessary to  add,  that  the  curtain  or  barrier  above  referred  to  is  formed 
of  layers  of  carhonate  of  Hme.  The  temperature  of  the  cave  varies 
very  little;  the  highest  between  November  1846  and  August  1847 
was  50°  of  Fahrenheit,  the  lowest  48°.  A  register-thermometer  was 
noted  and  lefl  in  the  Pillar  Hall  (b)  in  the  former  month  and  again 
observed  in  the  latter.  The  total  length  measured  along  the  middle 
of  the  cave  is  702  yards. 


4.  A  Sketch  of  the  Geological  Formation  and  Physical  Structure  of 
Western  Australia.  By  Ferd.  von  Sommer,  Dr.  Med.  and 
Pha. 

[Communicated  by  the  Secretary.] 

Dr.  Sommer  states  that  he  was  charged  by  the  Local  Government 
of  Western  Australia  to  examine  and  to  trace  out  a  seam  of  coal  found 
by  accident  about  a  year  ago  in  the  bed  of  a  creek  or  temporary  river 
called  the  "  Irwin,"  at  a  distance  of  200  miles  northwards  from  Perth. 
He  bqrins  his  description  with  Port  Grey,  or  as  the  northern  divi- 
non  of  that  diluvial  segment  is  called.  Champion  Bay.  Both  divi- 
sions or  bays  are  separated  and  in  a  great  measure  formed  by  a  smaU 
peninsula  of  two  miles  in  length  and  three-quarters  of  a  mile  in 
breadth,  stretching  nearly  from  east  to  west ;  composed  of  a  peculiar 
kind  of  ooHtic  limestone  of  combined  coral  and  shell  formation  and 
covered  with  sand.  The  older  parts  of  the  line  of  coast  in  this  neigh- 
bourhood, as  well  as  the  islands  of  a  corresponding  age,  rest  on  a  more 
crystalline  secondary  limestone.  The  newer  portions  of  the  coast, 
with  the  long  reefs  which  shelter  the  bay  against  north-west  gales, 
and  the  numerous  groups  of  low  islands,  called  the  Abrolhos,  are 
composed  of  a  softer  ooUte  resting  on  compact,  often  crystalline  coral. 
The  same  marine  aeent  operates  still,  as  well  in  forming  new  bays 
and  islands  as  in  shutting  up  old  bays  (converting  them  first  into 
tttuaries  and  then  into  dduvial  soil),  and  in  shutting  up  the  rivers 
of  Western  Australia  with  bars. 

These  new  diluvial  formations  are  materially  assbted  by  hills  of 
qoicksand  driven  by  wind  and  waves  over  the  reefs  and  bars  often 
to  the  height  of  some  hundred  feet,  as  is  to  be  seen  at  the  estuary  of 
the  Hutt,  Champion  Bay,  and  Jurieu  Bay.  These  sand-downs  are 
then  often  cemented  with  a  pasty  solution  of  softer  shells,  and  are 
soon  covered  with  a  saliferous  vegetation  forming  the  foundation  of  a 
new  country. 

These  well-known  contemporary  modifications  of  the  sea-boundary 
are  perhaps  nowhere  more  obviously  manifested.  The  estuary  of  the 
Hutt,  for  instance,  is,  since  the  few  years  when  it  was  first  seen  by 
Capt.  Grey,  already  so  much  altered  that  Dr.  Sommer  could  scarcely 
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recognize  his  description ;  and  at  Jurieu  Bay  there  is  an  extent  of 
more  than  1 50  square  miles  of  grassy  and  wooded  country  elevated 
from  forty  to  eighty  feet  ahoTe  the  level  of  the  sea,  of  so  recent  a 
date  that  many  of  the  shells  still  existing  in  great  heds  upon  it  hare 
not  even  lost  their  colours. 

Ahout  five  miles  eastward  of  Champion  Bay,  Moresh/s  flat-topped 
range  (of  which  Mount  Fairfax  is  the  eastern  outlier)  consists  of  a 
ferruginous  clay  formation  with  prismatic  escarpments,  elevated  300 
to  400  feet  above  the  surrounding  sandy  plains,  and  from  500  to  600 
feet  above  the  sea,  passing  into  sandstones,  conglomerates  and  por- 
phyritic  rocks.  Those  iron-clay  hills  extend  here  from  fifty  to  sixty 
miles  to  the  east,  and  have  the  appearance  of  a  table-land  cut  into 
pieces  by  a  vehement  ocean-current  directed  from  south-east  to  north- 
west. 

Eastward  the  high  country  begins  to  rise  again,  and  consequently 
to  form  watersheds,  directed  against  the  valleys  of  the  clay  table-land. 
This  new  rise  extends  in  the  mean  only  from  ten  to  twenty  miles,  with 
an  additional  altitude  of  100  to  200  feet,  and  in  a  direction  pointing 
nearly  from  Cape  Riche  on  the  south  coast  to  the  centre  of  Shark's 
Bay  on  the  west  coast.  It  is  constituted  entirely  of  the  different 
strata  of  the  coal  formation,  with  the  exception  of  the  calcareous  mem- 
bers, as  in  all  that  line  neither  carboniferous  nor  mountain  limestone 
exists  below  the  coal. 

The  clay  of  the  table-land  passes  here,  almost  in  a  direction  frt)m 
west  to  east,  into  a  fine-grainea  sandstone  or  a  conglomerate  amy^dar 
loid  or  true  porphyry ;  and  eastward,  where  the  country  still  nses, 
grauwacke  appears  in  combination  with  hornblende  rocks  and  mica- 
ceous gneiss. 

From  this  place  the  country  descends  gradually  farther  to  the  east 
for  a  distance  of  about  1 50  miles,  forming  extensive  plains  of  red 
decomposed  iron-clay  covered  with  a  high  and  dense  scrub  of  the  Me- 
laleuca, passing  over  into  swamps  or  lakes  covered  with  gypsum  in- 
terstratined  with  new  red  sandstone  and  iron-conglomerate,  indicating 
a  second  parallel  coal-field. 

Dr.  Sommer  traced  the  first  or  western  coal-field  down  from  the 
heads  of  the  Irwin  river  to  those  of  the  Moore,  a  distance  of  about 
160  miles,  and  has  transmitted  specimens  of  the  coals,  shales,  sand- 
stones, and  petrifactions  of  these  localities.  The  first  stratum  of  coal 
is  six  feet,  the  second  eight  feet  thick  ;  both  quite  near  to  the  sur- 
face, and  bearing  from  N.N.W.  to  S.S.E.,  and  dippmg  to  the  W.N.W. 
under  an  angle  of  about  72°, 

A  section  of  the  country  at  the  north  branch  of  the  Irwin  gives 
the  following  series  in  descending  order  : — 

feet. 

Alluvial  soil 5 

Yellowish  and  reddish  clay 10 

Soft  white  sandstone    10 

Ferruginous  sandstone 1 

Micaceous  soft  white  sandstone 15 

Porphyritic  iron-clay    4 
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feet. 

Stratified  and  unctuous  clay    10 

Yellow  micaceous  sandstone 8 

Grey  laminated  shale   16 

Yellow  and  red  micaceous  sandstone 7 

Ferruginous  new  red  sandstone   9 

White  micaceous  clay 4 

Shale 12 

First  seam  of  coal 5 

Micaceous  sandstone 3 

Micaceous  shale    4 

Second  seam  of  coal,  thickness  unknown. 

The  iron-clay  formation  hetween  Port  Grey  and  Shark's  Bay  passes 
gradually  into  sandy  grits,  near  Jurieu  Bay,  and  then  near  the  Moore 
Raver  into  a  level  clay  country,  covered  with  white  and  yellow  sand, 
and  hut  httle  elevated  above  tne  sea.  The  country  rises  again  through 
a  series  of  undulations ;  the  higher  hills  being  composed  of  iron-clay 
and  granitel  covered  with  different  varieties  of  the  Eucalyptus.  About 
forty  miles  northwards  from  Perth  a  granitoidal  table-land  commences, 
which  has  received  the  name  of  the  Darling  Range,  and  runs  at  an 
elevation  of  500  to  600  feet  from  thence  to  King  George's  Sound  on 
the  south  coast. 

In  the  district  between  the  small  rivers  called  the  Canning  and  the 
Serpentine,  veins  of  zinc  ore  containing  traces  of  lead  and  copper  are 
found  and  worked.  These  metalliferous  veins  run  nearly  from  east 
to  west  and  dip  to  the  north,  but  as  the  flat  diluvial  land  between  the 
Darling  Range  and  the  sea-coast  interrupts  the  granitel  very  abruptly, 
they  wUl  probably  have  a  very  short  run,  or  He  very  deep. 


5.  Notes  on  the  Souffri^re  o^St.  Vincent.    By  Major  Henry 
Davis,  52nd  Light  Infantry. 

[Commanicated  by  Sir  Charles  Lyell,  V.P.G.S.] 

In  1840,  when  quartered  with  the  52nd  Regiment  in  the  Island  of 
St.  Vincent,  I  visited  the  Souffiri^re  volcano,  and  again  repeated  my 
visit  the  following  year  in  company  with  a  scientific  friend,  the  Rev. 
T.  Checkley,  now  rector  of  Kmgston  the  capital  of  that  island :  we 
were  fortunate  enough  to  fall  in  with  an  engineer  named  Dixon,  a 
most  sensible,  hard-working  Scotchman,  who  had  a  property  at  the  foot 
of  the  mountain,  and  was  a  resident  in  the  island  ana  eye-witness  of 
the  eruption  in  1812 :  this  gentleman  accompanied  our  party  and  af- 
forded us  most  valuable  information  as  a  guide,  and  witness  of  the 
events  that  left  the  traces  of  interest  it  was  our  object  to  visit.  This 
gentleman  I  regret  has  died  since  that  time,  and  the  more  especially  so, 
fts  amongst  the  old  people  who  saw  the  eruption  so  much  ignorance 
prevailed^  and  so  much  terror,  that  httle  or  no  reliance  can  be 
placed  on  their  report ;  and  now  the  lapse  of  six-and-thirty  years 
presents  such  a  distorting  medium,  that  evenrthing  they  saw  assumes 
aimensions  beyond  the  boundary  of  truth.   However,  the  traces  of  the 
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eyent  are  indelibly  engraven  on  the  mountain  itself,  and  I  think  there 
is  enough  to  enable  one  to  read  the  history  of  former  commotions 
from  the  data  still  extant. 

In  the  remarks  made  on  that  eruption  of  the  St.  Vincent  Souffri^re 
which  took  place  in  1812,  one  fact  seems  to  hare  been  generally  over- 
looked, namely,  the  many  eruptions  that  preceded  it  in  the  same 
place.  That  something  of  the  kind  had  formerly  happened  seems  to 
DC  implied  by  the  local  acceptation  of  the  word  Souffrihrey  but  no 
account  of  it,  written  or  traditional,  has  travelled  down  to  us.  The 
fact  of  many  previous  eruptions  is  abundantly  proved  by  the  exist- 
ence of  vegetable  mould  now  lying  between  the  strata  near  the  bottom 
of  the  last-made  chasm ;  and  we  may  in  some  instances  conclude,  that 
a  long  period  of  quiescence  intervened  between  the  convulsions  from 
the  great  thickness  of  the  vegetable  layers,  particularly  that  one  which 
seems  to  separate  the  matter  of  the  second  last  eruption  from  that 
which  immediately  preceded  it.  We  should  have  been  in  utter  ig- 
norance of  these  data,  were  it  not  for  the  almost  perpendicular  sides 
of  the  new  crater ;  but  there  the  moimtain  exhibits  the  record  laid 
up  in  its  own  bosom,  and  shows  the  lines  by  which  nature  has  di- 
vided the  times  of  its  convulsions. 

Many  have  wondered  why  a  new  opening  was  made  almost  in  con- 
tact with  that  already  yawning,  and  which  seemed  ample  enough  to 
discharge  the  contents  of  the  mighty  cauldron ;  but  they  forget  that 
a  greater  mass  was  to  be  emitted  than  was  contained  in  the  outward 
cavity  of  the  old  crater,  and  that  nature  works  by  the  simplest 
modes  :  when  the  boiling  matter  rushed  furiously  forward  for  escape, 
and  found  the  already  choked  orifice  too  smidl  for  its  volume,  it 
sought  a  new  opening  in  the  quarter  where  it  was  likely  to  meet  with 
the  least  resistance,  and  this  was  the  side  on  which  the  new  crater 
now  gapes.  The  incumbent  matter  was  more  easily  displaced  from 
its  want  of  coherence,  and  the  lowness  of  the  side  next  the  Charaib 
country  faciUtated  its  exit.  During  the  eruption  of  1812  no  lava 
issued  from  the  mountain,  but  torrents  of  scoriae  and  boiling  water 
ran  down  its  sides  with  a  fury  that  defied  all  resistance.  On  com- 
paring the  layers  that  indicate  the  eruption  of  181 2  with  the  strata  of 
eruption  long  antecedent,  a  correspondence  is  observed  not  only  in 
the  similarity  of  the  matter  of  those  layers,  but  in  the  order  of  tlieir 
ejection. 

In  ascending  the  foot  of  the  mountain  on  the  east  side,  I  visited 
the  dry  bed  of  a  lake  which  was  formed  during  the  last  eruption : 
the  sides  were  about  80  feet  deep,  in  some  parts  perpendicular,  and 
formed  of  volcanic  mud  and  pumice.  The  lake  lasted  only  a  few 
days ;  the  water  was  arrested  by  the  debris  and  other  obstacles ;  it  was 
supposed  to  have  been  upwards  of  100  feet  deep,  but  eventually  burst 
its  barrier,  and  overwhelmed  some  sugar-plantations.  On  the  west 
side  in  descending  the  mountain,  I  erased  a  dry  bed  of  the  old  Ra- 
baca  river ;  it  was  nearly  one  mile  wide,  and  one  continued  bed  of 
immense  boulders  and  sand  and  pumice-stones.  I  should  consider 
the  width  of  the  old  crater  to  be  full  a  quarter  of  a  mile,  and  the 
depth  to  the  water  about  700  or  800  feet.     Before  the  eruption,  t 
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wooded  cone  of  about  40  feet  high  ^as  situated  in  the  crater ;  this 
was  dissipated  in  1 81 2,  and  since  that  time  none  has  been  visible ;  the 
depth  of  the  water  is  not  known ;  the  walls  of  the  crater  are  so  steep, 
that  it  is  Tcry  difficult  and  dangerous  of  access. 


6.  Notet  an  Fossil  Zoophytes /oun</  in  the  Deposits  described  by 
D^  FiTTON  in  his  Memoir  entitled  "  A  Stratigraphical  Ac- 
count of  the  Section ^om  Atherfield  to  Rocken  End  *." 
By  William  Lonsdale,  F.G.S. 

See  Plates  IV.  and  V. 

The  fossil  to  be  first  noticed  is  apparently  not  included  in  the 
stratigraphical  lists  or  table  published  in  the  Quarterly  Journal  of 
the  Geological  Society  of  London.     It  consists  of  small  amorphous 
masses  attached  at  the  base,  from  which  in  one  instance  extended  a 
thin  layer  (PI.  IV.  fig.  1)  ;  and  it  is  composed  chiefly  of  irregularly  ar- 
ranged ridges  with  adjacent  hollows,  the  whole  surrace  being  indented 
by  small  pits  and  fiurows,  some  of  which  are  shallow,  but  others 
penetrate  to  a  greater  depth  (fig.  2)  ;  the  intermediate  apparently 
solid  portions  haye  also  minute  pores  (fig.  2),  the  terminations,  it 
is  presumed,  of  similar  openings  detectable  in   transparent  slices 
of  the  interior  and  even  m  opake  sections,  and  which  cannot  be 
regarded  either  as  distinct  tubuH  or  as  mouths  of  cells.     Internally 
the  fossil  presents  numerous  lacunae  (fig.  3),  the  downwards  exten- 
sion of  the  surface-pits.    Some  of  them  are  circular,  but  they  are  more 
often  unequal  in  shape  and  size,  and  occasionally  blended  together ; 
they  have  no  direct  boundary,  and  frequently  exhibit  a  greater  or  less 
degree  of  cloudiness,  due  apparently  to  a  structural  substratum.     In 
some  portions  of  an  intersection  they  abound,  while  in  other  parts 
they  are  few  in  number  or  wanting.     The  intenrals  consist  of  an 
opidLc-white  matter,  not  reducible  to  any  distinct  texture  by  the 
powers  used  in  the  examination  (a  Codrington  lens  and  a  Hooker's 
microscope)  ;    but  it  occasionally  incloses  an  irregular  network, 
formed  of  yery  minute  fibres,  and  not  unlike  in  texture  the  reticula- 
tion of  homy  sponges  (fig.  4) .    This  structure  is  also  exposed  in  some 
of  the  lacunae.     The  opake  intervals  are  penetrated  by  the  micro- 
scopic pores  before-mentioned.     These  leading  component  parts 
prore,  tnat  nothing  strictly  identical  with  the  abdominal  cavities  of 
Anthozoa  and  Bryozoa  is  recognisable  in  the  Atherfield  fossil ;  while 
they  justify  its  being  assigned  to  the  class  Amorphozoa. 

The  materials  of  which  the  soHd  portions  of  recent  sponges  are 
constructed,  and  their  modes  of  combination,  are  known  to  vary 

*  Read  Januarj  22, 1S45.  Publithed  in  the  Qotrterly  Jonrnal*  August  1S47, 
foL  UL  p.  289  tf^  «07.  At  p.  318,  a  "  CeUepora  (same  u  tt  Farringdoii)"  is  men- 
tioned among  the  organic  remains  from  "  Sandown  Bay  and  coast  near  Shanklin." 
No  specimen  of  that  fossil  was  included  in  the  collections  submitted  to  examina- 
tion ;  tLod  it  is  not  possible  that  those  about  to  be  described  could  have  been  as- 
sifned  to  the  genus  CeUepora. 
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greatly.     Many  are  stated  to  consist  solely  of  a  homy  network*, 
but  the  detection  by  Mr.  Bowerbank  of  siliceous  spicula  in  corneous 
spongesf  renders  doubtful  to  what  extent  homy  fibres  may  occur 
unaccompanied  by  earthy  secretions.     M.  Milne-Edwards  had  pre- 
viously announcea  the  existence  in  Sp.  carbanaria  of  a  **  rdseau  com^ 
h^riss^  de  petits  spicules  siliceux ;"  and  in  the  Alcyonium  papillosum 
of  Lamarck,  of  a  corneous  network  with  calcareous  spicula^.    Similar 
bodies  had  long  claimed  attention  § ;  but  their  true  nature  was  appa^ 
rently  not  understood  until  Dr.  Grant  investigated  the  characters  of 
the  sponges  of  the  Frith  of  Forth  and  other  coasts  ||.     In  one  great 
tribe  he  announced  that  "  the  axis  is  entirely  calcareous,  and  soluble 
with  effervescence  in  acids  "  (op,  cit.  vol.  xiv.  p.  336),  and  that  in 
very  many  others  "  the  fibres  are  composed  of  minute  siliceous  tubes" 
(p.  337).     In  addition,  however,  to  these  decidedly  mineral  struc- 
tures, M.  Milne-Edwards  has  shown  that  earthy  constituents  are 
combined  in  sponges  in  many  other  states :  in  iS^.  penictllosa,  the 
filaments  "  renferment  dans  leur  substance  un  pen  de  carbonate  de 
chaux^ ;"  also  in  Sp,  calyx  (p.  55G)  ;  while  in  Sp.pennatula  "  ces 
filaments"  com^  "  sont  solidifies  par  du  carbonate  de  chaux.     Par- 
enchyme  h^riss^  de  petits  spicules  sihceux"  (p.  560-561)  ;  and  Sp, 
juniperina,  he  says,  is  composed  of  "  un  r^au  com^  dont  les  fifa- 
mens  s'^rgissent  beaucoup  dans  leurs  points  de  soudure,  et  sont  en- 
tour^  d'une  multitude  de  petits  spicules  de  silice  et  de  quelques 
granulations  calcaires"  (p.  563-4) ;  lastly,  for  the  Sp,  fragilU  of 
Montagu'"''',  Dr.  Johnston  has  founded  on  his  own  and  Mr.  Bower- 
bank's  observations  the  genus  Dyseidealff,  in  consequence  of  the 
grains  of  sand,  which  Montagu  had  also  noticed.     The  compiler  of 
this  notice  is  not  aware  whether  the  species  just  mentioned  have 
been  recently  arranged  under  distinct  names ;  but  it  is  well  known 
that  Dr.  Fleming  ^f  proposed  the  terms  Halichondria  and  Grantia 
for  sponges  respectively  composed  of  siliceous  or  calcareous  spicula 
(op.  dt,  pp.  520,  524),  while  he  retained  the  word  Spongia  for  the 
species  which  have  a  decidedly  corneous  framework.    These  "ge- 
nera," however,  have  been  regarded  by  Dr.  Grant  as  "  orders  §§,"  and 

*  Consult  Lamarck,  2iid  Ed.  vol.  ii.  p.  543  et  teg.,  nos.  7,  9, 11, 12,  45,  46,  48, 
54,63,73,114. 

t  Annals  Nat.  Hist.  vol.  vii.  p.  129, 1841 ;  and  Trans.  GeoL  Soc  2nd  ser.  vol.  vi. 
p.  182  note, 

t  Lamarck,  2nd  Ed.  vol.  ii.  p.  546,  No.  20,  p.  604-5,  No.  23,  1836. 

$  Consult  Ellis,  Nat.  Hist.  Corallines,  1754,  Sponges,  No.  2 ;  Ellis  and  Solander, 
Zoophytes,  1786,  tab.  58.  fig.  4,  or  Lamouroux's  Exp.  Method,  tab.  58.  fig.  4  :  also 
Montagu,  Essay  on  British  Sponges,  Wem.  Trans.  toI.  ii.  p.  93  et  seq,,  particularly 
pp.  93, 116,  88,  89,  95,  97  and  99. 

II  Edin.  Phil.  Joum.  vol.  xiii.  pp.  94,  333,  and  yol.  xiv.  pp.  113,  336,  1825-26. 

%  Lamarck,  2nd  Ed.  tome  ii.  p.  548 ;  consult  also  p.  540. 

*♦  Wemerian  Trans,  vol.  ii.  p.  114.  pi.  14.  fig.  1,  2. 

ft  History  of  British  Sponges,  pp.  185, 187-190,  pi.  13.  fig.  6,  pL  14.  fig.  4, 1842. 

tt  History  of  British  Animals,  1828.  Dr.  Grant  has  proposed  Halina  and  Hali- 
dona  for  siliceous  sponges,  as  quoted  by  Dr.  Johnston,  op,  cit,  p.  88,  and  M.  de 
BlainviUe,  Halispongia,  Man.  d'Actinologie,  p.  532,  1830,  1834  :  for  Grantia,  Dr. 
Grant  has  also  proposed  Leucalia,  and  Leuconia  (apud  Dr.  Johnston,  p.  172),  while 
De  BlainviUe  has  applied  to  the  same  bodies  Calcispongia  {op,  cit,  p.  530). 

$§  Todd's  British  Annual  for  1838,  p.  268. 
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in  an  able  article  on  Spongiacbe  by  another  authority^  they  are  eon- 
ndered  as  families'^.  It  is  also  now  admitted,  that  the  composition  of 
Amorphozoa  b  not  a  sufficient  basis  for  genera ;  but  that  the  ar- 
rangement of  the  skeleton,  and  the  form  and  distribution  of  the  orifices 
and  pores,  as  well  as  the  habitat,  should  be  considered ;  Ukewise  when 
possiole,  the  nature  of  the  gelatinous  matter  with  the  characters  of 
the  ora,  and  many  other  points,  will  be  readily  suggested  to  the  mind 
of  the  experienced  student.  The  freshwater  body  Spongilla  has 
been  by  one  authority  united  generically  with  marine  HaUchondriaf, 
solely  on  account  of  its  siUceous  skeleton  ;  a  imion,  howeyer,  which 
has  not  been  adopted.  These  remarks  on  the  known  component 
parts  of  sponges  have  been  considered  necessary  in  an  attempt  to 
approximate  towards  a  knowledge  of  the  Atherfield  fossil. 

A  flake  of  that  body  dissolved  completely  in  diluted  muriatic 
acid,  SO  far  as  the  magnifying  powers  employed  could  be  trusted ; 
due  care  being  also  taken  to  discard  adventitious  particles ;  and  it 
was  not  imtil  a  portion  of  the  fluid  had  evaporated,  that  anything 
resembling  spicula  could  be  detected.  The  microscopic  needles  then 
visible  were  however  regarded  only  as  minute  crystals  of  selenite, 
due  to  a  slight  impurity  in  the  acid.  This  rough  experiment,  in 
conjunction  with  the  detected  structures,  leads,  therefore,  to  the  in- 
ference, that  the  fossil  was  originally  a  calcareous  sponge ;  and  that 
among  existing  known  Amorphozoa,  it  resembles  most  nearly  the 
genus  Grantia,  if  mineral  composition  were  admitted  a  sufficient 
basis  on  which  an  agreement  could  be  founded.  In  the  dense  nature 
of  the  opake  portion,  a  similarity  may  be  also  noticed  with  Grantia 
cimpressc^  especially  when  squeezed  fragments  of  that  species  are 
examined  conjointly  with  sections  or  transparent  slices  of  the  Ather- 
field organic  remain,  and  each  is  viewed  under  the  same  low  mag- 
nifier; but  when  the  power  is  sufficiently  increased  and  appUed 
successively  to  the  recent  and  extinct  body,  the  former  is  shown  to 
consist  of  very  conspicuous  trifid  spicula,  while  the  latter  retains  its 
minutely  granular  appearance;  Grantia,  moreover,  is  described  as 
wholly  destitute  of  a  network  %»  while  in  the  Atherfield  fossil  such 
a  structure  was  clearly  observed,  independent  of  the  general  calca- 
reous composition,  though  its  true  nature  is  not  presumed  to  have 
been  ascertained.  The  characters  of  the  large  or  excurrent  canals 
in  the  greensand  sponge  difler  markedly  from  the  equivalent  aper- 
tures in  Grantia  compressa  and  similarly  formed  species;  but  in 
others  which  are  crustaceous,  as  G,  coriacea,  there  is  a  seeming  re- 
semblance ;  nevertheless,  the  apparent  nature  of  the  calcareous  matter, 
and  the  existence  of  a  fibrous  reticulation,  forbid,  it  is  conceived,  a 
generic  identification.  The  union  of  a  corneous  network  and  calca- 
reous spicula  in  the  Alcyonium  papillosum  of  Lamarck  has  been 
already  mentioned ;  but  supposing  that  the  fossil  under  consideration 

*  Penny  Cydopasdia,  yol.  xxii.  p.  376,  coL  1, 1842. 
t  Hist  Brit.  Animals,  p.  524. 

i  Johnston,  Brit.  Sponges,  p.  8 ;  consult  also  Dr.  Grant's  original  memoir, 
Bdinb.  PhiL  Joom.  vol.  xiv.  p.  339, 1826. 
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should  prove  when  ftilly  mvestigated  to  have  such  a  composition, 
still  it  could  not  be  regarded  as  a  true  Alcyonium,  that  term  having 
been  adopted  by  Pallas,  and  subsequently  retained  by  Cuvier,  M. 
Milne-Edwards  and  other  great  autnorities  for  certain  tentaculated 
Anthozoa*. 

For  certain  fossil  Amorphozoa,  Prof.  Goldfussf  adopted  the  terms 
Achilleum,  Manon  and  Tragoa  from  SchweiggerJ,  who  had  borrowed 
them  from  Pliny  §.      Schweigger  apparently  regarded   the    three 
genera  as  solely  corneous,  one  of  his  characteristics  for  the  whole 
group  being  "  calx  nulla"  {loc,  cit,).     For  his  type  oi  Achilleum  he 
adopted  with  Pliny  ("ex  quo  penicilU")  the  ordinary  sponge  of 
commerce;  for  that  of  Manon,  the  Sp,  oculata  of  Esper||,   a  Euro- 
pean species,  and  identified  by  Dr.  Johnston^  with  the  Halichondria 
palmata  of  Dr.  Fleming**  ;  while  for  TragoB  he  gives  T,  incrustans, 
Alcyonium  incmstana  of  Esperff,  considered  by  Dr.  Johnston  to  be 
the  well-known  "bread-sponge,"  or  Halichondria paniceaXX-     Two 
out  of  the  three  genera  have  therefore,  according  to  Schweigger's 
tjrpes,  a  mineral  (siliceous)  skeleton,  and  the  other,  the  sponge  of 
commerce,  has  an  intermixture  of  earthy  with  corneous  materials. 
M.  Goldfiiss's  characters  for  Achilleum  {op,  cit.  p.  1)  agree  with 
those  ^ven  in  the  *  Beobaehtungen,'  as  well  as  his  notices  of  Manon 
and  Tragos,  embodying  however  in  the  permanent  structures  the 
large  apertures  alluded  to  by  his  predecessors  in  the  superficial  ge- 
latinous or  subgelatinous  matter.     From  this  statement  it  is  plain 
that  the  Atherfield  fossil,  having  a  decidedly  calcareous  composition, 
cannot  be  generically  identified  with  the  Achilleum,  Manon  or  Trago$ 
of  Schweigger ;  and  Prof.  Groldfuss  not  having  idluded  to  the  pro- 
bable composition  of  the  fossils  assigned  by  him  to  those  genera, 
though  from  his  adopting  the  characters  previously  given,  he  possibly 
regarded  the  originm  constitution  to  have  been  corneous,  it  might  be 
deemed  justifiable  to  reject,  in  the  present  case,  those  names  without 
farther  inqudry.    Moreover,  the  author  of  the  article  "  Spongiadse," 
before-mentioned,  rightly  observes,  "  Very  few  of  the  genera  adopted 
from  Schweigger,  Goldfoss  and  others,  can  be  considered  at  all  suffi- 
ciently determined,  because  the  constituent  structures  of  the  fossil 

*  Consult  M.  Milne-Edwards's  Memoir  *'  Snr  les  Alcyons  proprement  dits," 
Ann.  des  Sc  Nat.  2nd  series,  ZooL,  tome  iv.  1835,  or  Recherches  sur  les  Poljrpes, 
Mem.  '*  sur  les  Alcyons,"  p.  1  et  teq.,  1838  ;  also  2nd  Ed.  Lamarck,  ii.  pp.  598, 
631  note,  1836. 

t  Petrefacta,  &c.,  pp.  1,  2, 12  ef  seq.,  1826-1833. 

t  Beobachtmigen  auf  Natmrhistorischen  Reisen,  1819,  Systematic  Table  VII. 

$  '*  Spongiarum  tria  genera  accepimns :  spissnm  ac  prsedurum  et  aspenim,  tragos 
id  Yocatur :  spissum  et  mollius,  manon :  tenue  densnmque,  ex  quo  penicilli,  Achil- 
leum.'* (Hist.  Nat.  Ed.  Harduini,  fol.  torn.  i.  p.  529,  or  lib.  ix.  cap.  xlv.  sec.  69, 
1723.) 

II  Pflanzenthiere  &c.,  1791-1794,  Zweyter  Theil,  s.  180,  Spongia,  pL  1. 

if  Hist.  Brit.  Sponges,  p.  92-93.  pL  2. 

**  Hist.  Brit.  Animals,  p.  623. 

f-f*  Op.  cit.  Alcy.  tab.  15  apud  Schweigger.  Consult  also  Lamarck,  2nd  Ed.  ii. 
p.  603,  no.  16. 

tt  Hist.  Brit.  Sp.  p.  122;  Hist.  Brit.  Anim.  p.  520. 
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masses  on  which  alone  they  can  he  justly  founded,  have,  in  most 
cases,  heen  altogether  left  unexamined*."  M.  de  Blainville  having, 
however,  adopted  Manon  and  Traffosf,  and  M.  Milne-Edwards  J, 
with  hesitation,  the  three  genera,  solely  for  fossil  Amorphozoa,  as 
well  as  M.  Roemer§  with  certain  modifications,  and  M.  Geinitz{|,  the 
terms  Achiiieum,  Manon  and  Trtigos  have  acquired  a  pecuhar  signi- 
fication ;  and  it  is  a  duty  to  ascertain,  so  far  as  is  possible,  what  are 
the  essential  structures  of  the  bodies  referred  to  them,  and  whether 
the  Atherfield  sponge  can  be  identified  generically  or  specifically  with 
any  of  those  fossils.     It  is  advisable  to  begin  with  Tragos. 

1 .  The  characters  of  that  eroup  (Petrefact.  p.  12)  are  dense  fibres, 
and  distinct,  scattered,  sur^e-openings ;  but  M.  Goldfuss  in  his 
Addenda  (p.  243,  1833)  considers  Tragos  to  be  equivalent  with  the 
Chenendopora  of  Lamouroux^;  and  he  identifies  T.  acetabulum*'^ 
with  Ch,  fungiforms.  This  generic  determination  b  proposed  by 
M.  de  Bhonvillett  *lso  for  T.pezizoides  (pi.  5.  fig.  8)  and  T.  patella 
(pi.  5.  fig.  10)  ;  and  by  M.  MUne-EdwardstJ  for  T,  radiatum  (pi.  35. 
%.  3)  and  T,  rugosum  (pi.  35.  fig.  4).  Chenendopora  is  stated  to 
be  distinguished  by  a  funnel-form,  with  pores  or  cellules  on  its 
internal  surface,  characters  exhibited  more  or  less  distinctly  by  the 
fi)88ils  just  mentioned,  and  by  T.  reticulatum  (pi.  35.  fig.  5)  as  well 
as  by  T.  verrueowm  (pi.  35.  fig.  6).  These  structures  are  clearly  in- 
sufficient, to  the  extent  known,  to  be  the  basis  of  a  genus  ;  neverthe- 
less they  indicate  a  certain,  uniform,  physiological  property  in  all  the 
species  enumerated,  except  perhaps  in  the  body  represented  by  fig.  1. 
pi.  35  ;  and  it  is  believea  that  those  fossils  should  not  be  generiodly 
united  to  the  others  described  under  the  term  Tragos.  Whether 
they  are  in  part  or  wholly  identifiable  with  Chenendopora^  no  evi- 
dence is  at  present  accessible.  It  is  sufficient  for  this  inquiry  to 
state,  that  the  Atherfield  fossil  differs  in  every  leading  particular  i^om 
those  Amorphozoa,  and  from  Chenond.  fungiforms,  so  far  as  figures 
or  descriptions  can  be  trusted.  Of  the  remaining  eight  species, 
Groldfuss  himself  refers  T.  capitatum,  a  Bensbuiqg  production,  to 
Stromatopora  polymorpha,  which  is  found  in  the  Kfel  (pp.  13,  243 
and  215)  as  well  as  at  the  former  locahty ;  T,  hippocastanum  he 
says  is  doubtful,  being  founded  on  imperfect  casts  (p.  13);  and  T. 
pinforme  (p.  12)  he  considers  may  be  the  young  of  T.  stellatum 
(p.  14,  where  Manon  is  mentioned  apparently  by  mistake ;  compare 

•  Penny  Cyclop,  vol.  xxii.  p.  376,  col.  1,  1842. 

t  Man.  d'Actinol.  pp.  542,  543. 

t  2nd  Ed.  Lamarck,  u.  pp.  576,  587,  609. 

$  Vent.  Norddeutsch.  Kreidegebirges,  Erstc  Lieferung,  p.  2-3, 1840. 

n  Cbarakteristik  dcr  Pctrcfactcn  des  sachsisch-bohmischen  Kreidegebirges, 
p.  96, 1839-1842.  Refer  also  to  Gaa  von  Sachsen,  p.  132, 1843.  The  genera  have 
probably  been  adopted  by  many  other  authorities,  unknown  to  the  compiler  of 
this  notice,  or  inaccessible  to  him,  as  Von  Hagenow  and  Bronn,  quoted  by  Roemer. 

^  Exposition  Methodique,  p.  77.  tab.  75.  fig.  9-10,  1821. 

**  Petref.  pp.  13, 243,  pi.  5.  fig.  9,  and  p.  95,  pi.  35.  fig.  1.  The  locality  Eifel, 
given  in  p.  13.  is  stated  in  p.  95  to  be  an  error ;  consult  also  Index,  p.  252. 

tt  Man.  d'Actinol.  p.  543. 

it  2nd  Edit.  Lamarck,  ii.  p.  611-612. 
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pi.  5.  fig.  5,  and  pi.  30.  fig.  1,  with  pi.  30.  fig.  2)  ;  leaving  but  Are 
Bpecies,  and  even  this  small  group  wants  unity  of  characters*  ;  also 
strict  conformity  with  the  leading  definition  of  the  genus.  T.  de- 
/ormef  (pi.  5.  fig.  3)  and  T.  rugosum  (fig.  4),  not  very  dissimilar 
bodies,  and  both  found  in  the  same  formation  as  well  as  at  the  same 
locality  (p.  12),  exhibit  most  nearly  the  required  structures,  which 
differ  however  from  those  of  the  Atherfield  fossil ;  and  the  other  spe- 
cies are  still  more  unlike  that  body. 

2.  Manon^  according  to  Goldfuss,  consists  of  a  lacunose  fibrous 
mass,  with  large  circumscribed  openings  on  the  surface  (p.  2)  ;  and 
M.  Roemer   (op.   cit.  p.  2)  describes  the  genus  as  composed  of 
variously  formed  masses,  consisting  of  a  trellis-like  web,  or  bent  and 
anastomosed  fibres,  and  having  on  the  upper  surface  round  or  oval 
openings  with  projecting  edges.     He  discards  from  his  characteris- 
tics an  external  thick  dense  layer,  conceiving  that  the  generic  separa- 
tion between  Manon  and  Achilleum  should  rather  depend  upon  the 
nature  of  the  network.     Of  the  ten  species  described  by  Goldfuss 
(pp.  2,  94,  220),  M.favosum  (pi.  1.  fig.  11)  is  removed  by  himself 
to   Cyathophyllum  quadrigeminum   (p.  243)  ;  M,  cribrosum  (pi.  1 . 
fig.  10)  from  the  Eifel  is  possibly  a  fragment  of  M.  Groldfuss's  Astnea 
porosa  (pi.  21.  fig.  7),  also  from  the  same  district;  M,  steliatum 
(pi.  1.  fig.  9)  is  considered  by  M.  de  Blainville  {op,  cit,  p.  543)  and 
M.  Milne-Edwards  (Lamk.  ii.  p.  589)  as  referable  to  true  Alcyonia  or 
Lobulariae,  and  consequently  as  not  belonging  to  the  class  Amorpho- 
zoa,  while  M,  marginatum  and  M,  impressum  (pi.  34.  fig.  9,  10) 
are  separated  from  the  genus  by  M.  Edwards  (op,  cit,  p.  588-9)  on 
account  of  their  quadrangular  network^.     Of  the  five  remaining 
species,  only  M.  tubuliferum  (pi.  1.  fig.  5)  and  M,  pulvinarium  (pi.  1 . 
fig.  6,  Maestricht ;  pi.  29.  fig.  7,  Essen),  apparently  possess  the  re- 
quired eeneric  structures,  though  under  the  Latter  term  possibly  two 
species  have  been  included.     Distinct  circumscribed  apertures  more- 
over are  not  limited  to  Manon,  and  they  do  but  characterise  certain 
stages  of  growth  among  Amorphozoa  generaUy§.     If  specimens 
exhibiting  a  different  condition  of  development  were  alone  examined, 
they  might  be  excluded  from  the  genus.     Respecting  the  other  three 
species,  M.  capitatum  (pi.  1.  fig.  4)  is  statea  to  have  a  few  small 
openings  (p.  2) ;  while  in  the  fossils  included  under  the  term  M. 
pezizaW  and  derived  from  three  formations,  the  apertures  present 
diversities  of  structure  not  referable  to  relative  conditions,  resembling 

*  Consult  pi.  5.  figs.  3,  4  and  11,  pL  30.  fig.  2,  also  pi.  30.  fig.  4. 

t  Tragot  d^forme  has  been  accidentally  misquoted  for  T,  tuberotum  in  a  notice 
on  the  Lymnorea  of  Lamouroux  (Lamk.  it  p.  612 ;  Goldfuss,  pp.  16, 84  and  243}. 

X  Consult  also  that  author's  observations  on  Sp.  bombyema^  &c.  {op,  eit,  p.  540), 
and  Sp,  ealyjfy'p,bb6,  Parkinson  in  his  'Organic  Remains,*  vol.ii.  pi.  7.  fig.  8,  has 
delineated  certain  ''cruciform  spines,''  found  on  the  surface  of  a  Swiss  fossil 

S.  93-95)  represented  in  fig.  9.    A  comparison  with  Goldfuss's  figures  9  e,  10  c, 
L  34)  almost  justifies  the  inference  that  the  '*  spines"  formed  part  of  a  similar 
netwoiic. 

§  Consult  figures  8  6,  8  c,  pi.  29.  of  Goldfuss  as  illustrative  of  different  condi- 
tions  of  fig*  8  a. 

II  PI.  1.  figs.  7,  8,  Maestricht;  pL  5.  fig.  1,  Essen ;  pi.  29.  fig.  8,  Maestricht ; 
pi.  34.  fig.  8,  Jurakalk  of  Streitberg,  Hattheim,  Gingen  and  Regensburg,  p.  94. 
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in  some  specimens  (pi.  1.  figs.  7,  8,  pi.  5.  fig.  1)  more  the  larger 
openings  of  ordinary  corneous  sponges  than  of  those  in  Manon,  w£le 
in  the  "  adult"  vanety  (pi.  29.  fig.  8)  they  exhibit  peculiarities  not 
easily  assignable  to  the  specimens  just  noticed ;  and  in  the  example 
delineated  in  pi.  34.  fig.  8,  they  are  as  well  circumscribed  and  simple 
in  nature  as  in  M.  tubuliferum  or  Af.  marginatum  (pi.  34.  fig.  9). 
Lastly,  it  would  be  difficult  to  separate  generically  M,  piri/orme 
rpl.  65.  fig.  10)  from  Siphoniaficus  (pi.  65.  fig.  14)  or  S,  punctata 
(fig   '^ 


(fig.  13),  the  slight  central  depression  marking  probably 
but  a  Tery  aged  condition.  These  observations,  though  limited  to 
one  or  two  characters,  and  derived  solely  from  figures  or  descriptions, 
justify,  it  is  conceived,  the  belief  that  the  fossils  assigned  in  the  work 
quoted  to  Manon,  possess  great  diversity  of  characters,  and  require 
H)ng  study  by  a  skilful  physiologist  before  their  true  nature  can  be 
rightly  understood.  It  mayliowever  be  stated,  that  no  structural 
agreement  with  the  Atherfield  fossil  could  be  detected  in  any  in- 
stance ;  and  a  comparison  of  the  specimens  examined  with  M.  Roe- 
mer's  delineations  of  the  genus  {pp.  cit.  pi.  1)  will  satisfy  the  ob- 
server, that  in  those  cases  hkewise  there  is  no  identi^  of  composition. 
3.  The  characters  assigned  to  Achilleum  by  Goldfuss  are,  "  stirps 
polymorpha,  affixa,  e  fibris  reticulatis  lacunosa"  (p.  1) ;  and  Herr 
Koemer  states,  that  the  poljrmorphous  bodies  consist  of  a  trellis  of 
round  or  straight  fibres  with  knots  at  the  junction-points ;  and  that 
they  have  no  special  apertures  (op.  cit.  p.  2).  M.  de  Blainville  passes 
over  the  genus  in  silence  (Man.  d'Act.  p.  530)  ;  and  M.  Milne-Ed- 
wards, adopting  all  the  species  retained  by  Goldfuss,  conceives  "  qui 
paraissent  etre  des  Sponges  proprement  dites"  (Lamk.  ii.  p.  576). 
The  structures  on  which  the  genus  is  established  deserve  great  atten- 
tion— a  simple  network  without  any  special  apertures.  Dr.  Johnston 
gays,  "  Many  sponges  are  entirely  destitute  of  oscula"  (Brit.  Sponges, 
p.  13) ;  but  it  must  not  be  inferred  from  this  expression,  that  excurrent 
streams  are  denied  in  those  cases*.  On  the  contrary,  the  seeming 
absence  of  such  openings  should  lead  to  a  careful  research  respecting 
the  means  by  which  their  functions  are  performed ;  and  new  oata  for 
accurate  determinations  may  result  from  the  inquiry.  Dr.  Grant  has 
satisfactorily  shown  the  manner  in  which  the  want  of  scattered  oscula 
is  compensated  in  Grantia  compresaa  by  the  great  central  cavity  f ; 
and  the  necessity  in  certain  species  of  Halichondria  for  their  general 
distribution^.  He  has  hkewise  successfuUy  combated  the  opinion, 
that  water  may  be  imbibed  and  ejected  through  the  same  oscmum  in 
ordinary  sponges  §.  Should  bodies  apparently  allied  to  Amorphozoa 
be  discovered,  in  which  the  twofold  operation  is  performed  through 
one  aperture,  then  it  will  become  necessary  to  propose  for  their  re- 

"*  Consult  Dr.  Grant's  Memoir  on  Sponges,  Edinb.  PhiL  Joom.  vol.  xiiL  p.  334, 
tod  voL  xiY.  p.  117, 1825-6. 

t  Ed.  PhiL  Journ.  voL  xiii.  p.  334 ;  Lectures,  Univ.  ColL  Lond. ;  Lancet,  voL  L 
183^-34,  No.  531.  p.  199. 

t  Ed.  Phil.  Joom.  vol.  xiii.  pp.  106, 334-5 ;  also  Todd's  British  Annual  for  1838, 
p.  267,  fig.  2. 

§  Ed.  Phil.  Journ.  vol.  xiii.  p.  105-107,  p.  333  ei  teq.,  toI.  xiv.  p.  117  et  teq. 
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ceptiou  an  order  perhaps  in  Anthozoa ;  and  should  a  deeply  skilled 
physiolc^t  detect  among  fossils,  evidences  that  the  fiinctioiis  of  the 
uvmg  hodies  were  performed  hy  peculiar  processes,  then  also  it  will 
hecome  possible  to  establish  on  a  sure  basis  genera  or  higher  groups, 
according  to  the  nature  of  the  detected  properties. 

Respecting!;  the  species  of  Achilleum  enumerated  by  M.  Goldfiiss, 
A,  dubium  (pi.  1.  fig.  2)  has  been  rejected  by  him  (p.  243)  ;  and 
additional  information  is  requisite  regarding  A.  glomeratutn  (p\.  1 . 
fig.  1)  as  well  as  A,  Morchella  (pi.  29.  fig.  6),  before  their  nature 
can  be  surmised,  although  M.  Roemer  states  {op,  cit,  p.  2),  that  the 
latter  has  a  regular  trelhs-web  visible  to  the  unassisted  eye  :  ^.  Jvn^ 
ffiforme  (pi.  1 .  fig.  3)  presents  channels  and  apparently  minor  porea 
very  analogous  to  those  of  common  homy  sponges,  and  therefore 
does  not  conform  to  the  characters  of  the  genus :  A.  cario9utn  (pi.  34. 
fig.  6)  displays  (fig.  6  b  mag.)  a  curious  resemblance  to  the  corneous 
recent  8p.  eellulosa* ;  but  fig.  6  a  shows  cylindrical  cavities,  the 
round  deep  piercing  holes  noticed  in  the  description,  and  stated  to 
penetrate  lengthwise  and  transversely,  and  to  have  occasionally  a 
r^;ular  distribution  (p.  94).     Should  those  cavities  be  truly  struc- 
tural, they  would  indicate  great  peculiarities  in  the  Uving  body,  and 
remove  the  fossil  from  this  genus.     A.  truncatum  (pL  34.  fig.  3)  in 
its  enlarged  representation  (3  b)  has  a  composition  not  veiy  different 
from  that  of  fig.  6  b,  except  that  the  interspaces  between  the  cavities 
are  wider  and  admit  of  a  more  compUcated  reticulation  :  but  ^^.  3  a 
is  totally  destitute  of  the  deep-piercing  holes  of  A,  eariosum  :  it 
would  be  difficult  also  to  suppose  that  the  mmor  meshes  represent 
incurrent  openings,  and  the  larger  apertures  excurrent  channels,  there 
being  no  evident  relative  proportion  between  the  two  structures. 
This  species  therefore,  if  rightly  understood,  i^proaches  more  nearly 
than  tne  preceding  to  the  composition  assigned  to  Achilleum  :  A. 
tuberosum  (pi.  34.  fig.  4)  has  likewise  apparently  a  simple  network. 
A,  cheirotonum  (pi.  29.  fig.  5),  A.  muricatum  (pi.  31.  fig.  3),  and 
A,  cancellatum  (pi.  34.  fig.  5),  have  also  no  visible  special  apertures, 
independent  of  the  reticulated  meshes ;  but  the  web  is  peculiar,  dif- 
fering somewhat  in  each  species,  thoush  maintaining  a  general  con- 
formity. It  is  not  very  dissunilar  from  that  which  Manon  marginatum 
or  M,  impressum  (pi.  34.  fig.  9,  &  fig.  10  6,  c)  would  display,  if  stript 
altogether  of  the  dense  lamma,  and  if  the  preserved  surface  was  be- 
yond the  range  of  the  shallow  oscula  (pp.  94,  95)  ;  but  there  are  no 
data  for  assuming  that  any  analogous  outer  structure  existed  in 
Groldfuss's  three  species  of  Achilleum.     Whether  those  fossils  may 
be  taken  as  types  of  the  genus  must  depend  on  a  minute  and  thorough 
examination  of  specimens,  full  descriptions,  and  the  consent  of  com- 
petent authorities.     For  the  present  Achilleum  must  be  regarded  as 
a  zoological  term  of  doubtful  signification. 

One  species  of  the  genus.  A,  coatatumf  (Munster),  remains  to  be 

*  Ellis  and  Solander's  Zoophytes,  or  Lamouroox's  Exp.  M^hod.  pi.  54.  fig.  1  &  2, 
nat.  size :  also  Esper's  Pflanzenthiere,  Sponges,  tab.  60. 

t  Goldfuss's  Petrefacten,  p.  94,  pi.  34.  f.  7,  from  the  middle  beds  of  the  Jura- 
kalk  near  Streitberg. 
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noticed,  and  it  has  been  reserved  for  a  more  direct  comparison,  be- 
cause it  is  the  only  figured  organic  body  known  to  the  author  which 
apparently  partakes  of  the  structures  and  mode  of  growth  of  the 
Atherfield  fossil.  The  natural  size  of  M.  Goldfuss's  example  of  A. 
coMtatum  {loc.  ctY.)  is  four  lines,  or  nearly  that  of  a  specimen  of  the 
Atherfield  fossil  presented  to  the  Geological  Society  by  Capt.  Ibbetson, 
F.G.S.  The  Streitbers  sponge  is  described  (p.  94)  as  idmost  hemi- 
spherical, and  to  be  cUstmguished  by  nine  projecting  ribs,  which 
nuiiate  fh>m  the  apex  to  the  base,  and  always  widen  downwards.^ 
The  web  is  stated  to  consist  of  thick,  curled,  loosely  interwoven  fibres, 
and  waved  rind-like  laminae  are  mentioned  as  occurring  near  the  base. 
A  comparison  of  the  Atherfield  fossil  (fig.  1)  with  M.  Goldfuss's  en- 
laced representation,  and  with  his  description,  will  establish  an  almost 
perfect  general  agreement,  due  allowance  being  made  for  the  simple 
radiation  of  the  ribs  in  one  case,  and  for  the  contorted  distribution  in 
the  Other.  Viewed  under  an  ordinary  pocket-lens,  the  Atherfield 
production  will  be  found  to  be  indented  and  pitted  similarly  to  that  of 
Streitberg  (Goldf.  pi.  34.  fig.  7)  ;  and  at  the  base  of  a  fine  specimen 
in  Dr.  Fitton's  cabmet  was  noticed  a  largely-developed  thin  lamina 
(fig.  1).  A  distinction  exists  between  the  two  fossils  in  the  degree 
of  downward  thickening  in  the  ribs ;  but  thb  want  of  conformity,  as 
well  as  the  different  arrangement  of  that  structure,  can  be  considered 
but  specific  variations.  M.  Goldfuss  clearly  regarded  the  secondary 
ridges  as  fibres,  and  the  lacunae  as  meshes ;  in  the  Atherfield  spea- 
mens  however,  and  from  apparent  analogy  most  probably  in  tnose 
found  near  Streitberg,  the  secondary  ribs  are  not  simple  but  com- 
pound structures,  pierced  by  minute  pores,  and  the  lacunae  are  inter- 
blended  or  circumscribed  channels.  From  what  has  been  already 
stated,  it  is  evident  that  the  Atherfield  sponge  does  not  possess  the 
characteristics  of  Tragos,  Manon,  or  Achilleum,  nor  can  it  be  referred 
to  any  other  genus  known  to  the  describer.  It  is  therefore  proposed 
to  distinguish  the  EngUsh  Amorphozoon  by  the  term  Conis  (iioyiSf 
pulvis),  in  allusion  to  the  apparent  pulverulent  condition  of  the  cal- 
careous matter ;  and  it  is  further  proposed  to  include  under  the  same 
generic  name,  but  provisionally,  Ach,  eostatutn  (C.  costata), 

CoNis,  n.  g. 

Gen.  char, — Fixed,  polymorphous,  formed  of  variously-disposed  ridges, 
blended  towards  the  base  into  a  uniform  mass ;  the  whole  sur&ce 
of  the  ribs  and  intervals  lacunose,  or  indented  by  vertical  and  con- 
necting channels :  spaces  between  lacunae  minutely  porous :  con- 
stituent material  calcareous,  very  finely  grained  (?),  including  a 
fibrous  reticulation. 

CoNIS  CONTORTUPLICATA,  U.  Sp. 

(Platb  IV.  fig.  1  to  4.) 

Spec,  char, — Ridges  variously  twisted  and  anastomosed,  irregular 
in  form ;  the  lacunae  or  channels,  invisible  to  the  unassisted  eye*, 

*  It  is  perhaps  reqaisite  to  state,  that  a  Codrington  lens  or  a  Hooker's  micro- 
scope wu  found  necessary  in  attempting  to  ascertain  the  structures  of  this  fossiL 
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generally  namerous ;  intermediate  spaces  opake-white ;  pores  rery 
minute ;  fibrous  structure  microscopic,  meshes  irregular,  fibres  more 
or  less  curved^  variable  in  character. 

The  largest  specimen  (fig.  1)  submitted  to  examination  was  irre- 
gular in  form ;  its  extreme  length  was  rather  more  than  seven  lines, 
breadth  six  lines,  and  thickness  or  height  three  and  a  half  lines.  It 
had  been  attached  when  living  to  an  unequal  surface  by  a  thin  layer, 
which  extended  beyond  the  base  of  the  united  ridges.  The  nature 
of  this  lamina  was  not  clearly  detectable,  but  it  appeared  to  be  inti- 
mately connected  with  the  spongeous  structure  which  sometimes  ex- 
tended over  it,  and  in  one  part  to  have  a  striped  surface  with  lacunae 
or  pits,  similar  to  what  was  clearly  exhibited  in  an  indubitable  por- 
tion of  the  fossil.  The  specimens  were  in  general  so  intimately  united 
to  the  sandy  matrix,  that  it  was  almost  impossible  to  obtain  mechani- 
cally a  clean,  perfect  exterior.  So  far  as  ascertained,  it  consisted  of 
opake  matter,  more  or  less  discoloured,  and  not  a  trace  was  detected 
of  a  dense  or  distinct  surface-layer.  Fractured  portions  exhibited  an 
opake-white  substance,  and  translucent  spots  of  calcareous  spar, 
which  marked  the  inward  range  of  the  lacunae  or  channels.  Polished 
sections  and  transparent  shoes  (fig.  3)  dbplayed  a  similar  general 
construction.  Of  the  minuter  textures  some  remarks  will  be  found 
in  subsequent  paragraphs. 

In  the  two  perfect  specimens,  as  well  as  in  the  fragments  examined, 
the  ribs  or  ridges  (fig.  1)  showed  not  the  slightest  approach  to  the 
regularity  of  the  Streitberg  species,  or  to  a  development  from  a  deter- 
mined centre,  but  the  greatest  irregularity  in  the  mode  of  growth ; 
and  their  outline,  in  place  of  being  uniformly  curved,  was  more  or  less 
tuberculated  or  conical ;  and  their  sides,  so  far  from  thickening  sym- 
metrically downwards,  were  often  almost  pen>endicular,  and  the  in- 
crease was  frequently  unequal  on  opposite  sides,  or  in  different  por- 
tions of  even  the  same  side.  These  discrepancies  are  beheved  to  indi- 
cate something  more  than  varieties  of  a  species. 

It  has  been  already  stated,  that  the  opake  matter  was  not  redu- 
cible, by  the  powers  employed,  to  distinct  spicula,  but  preserved  an 
apparently  granular  texture  under  lenses  which  exhibited  not  merely 
the  spicula  of  Grantiee  and  Halichandria,  but  most  fully  their  pecu- 
liarities of  form.  That  the  matter  was  an  original  secretion,  and  not 
an  infiltered  calcareous  sediment,  was  inferred  from  its  not  filling  the 
immediately  adjacent  lacunae ;  while  the  calcareous  spar,  which  cmefly 
occupied  those  cavities,  was  unadulterated  by  the  argillaceous  or  other 
finer  particles  of  the  overlying  matrix.  The  minute  particles  visible, 
in  greater  or  less  number,  in  many  of  the  lacunae,  and  often  giving 
them  a  cloudy  aspect,  were  similar  in  nature  to  those  which  composed 
the  surrouncung  dense  substance,  and  were  assigned,  as  well  as  an 
occasionally  evident  diminution  in  the  size  of  the  hollows,  to  progress- 
ive secretions  dependent  upon  the  changed  wants  of  the  living  body 
during  its  upwards  or  outwards  extension.  In  colour  the  matter 
resembled  that  of  the  sotid  portions  of  calcareous  Anthozoa,  and  the 
texture  was  not  very  dissimilar  from  what  may  be  noticed  in  tertiary 
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conk — a  point  not  unworthy  of  attention  in  attempting  to  ascertain 
the  natoral  kingdom  to  which  a  spongoid  body  belonged. 

The  reticulated  fibres  were  not  visible,  except  in  transparent  slices, 
and  not  always  in  such  sections.  They  were  most  conspicuous  in 
some  of  the  la^r  lacunae  or  channels,  and  where  the  opacity  of  the 
interspaces  was  least  (fig.  4)  ;  but  they  were  also  detectable  in  the 
denser  portions.  Under  a  power  just  sufficient  to  render  them  visible, 
the  fibres  appeared  like  dark  reticulated  filaments ;  but  even  in  that 
apparent  condition,  bright  points  or  lines  were  discernible  in  their 
substance,  and  they  beotme  more  marked  with  a  higher  magnifier. 
How  far  those  appearances  were  due  to  optical  illusion  no  opinion  is 
hazarded ;  but  of  the  existence  of  a  dehcate  fibrous  reticulation,  in- 
dq>endent  of  the  general  calcareous  matter,  there  was  seemingly  good 
evidence.  It  was  further  inferred,  that  the  reticulations  were  not 
horizontal  extensions  of  tubuli  connected  with  the  minor  pores,  as 
they  ranged  across  the  less-clouded  large  lacunae,  and  had  an  inde- 
pendent composition ;  whereas  the  pores  appeared  to  be  simple  per- 
forations in  the  calcareous  matter.  The  true  nature  of  the  network 
is,  however,  left  for  the  development  of  more  competent  observers. 

The  minor  pores  (fig.  2),  one  of  the  most  interesting  structures  in 
Amorphozoa,  were  detectable  by  a  Codrington  lens  in  external  sur- 
iaces.  "Whether  thev  penetrated  inwardfy,  in  a  direct  or  tortuous 
course,  no  good  evidence  was  obtained ;  nor  if  they  communicated 
with  iJie  large  lacunae.  Thin  sHces  on  glass,  when  viewed  with  the 
hieher  powers  of  a  Hooker's  microscope,  armed  with  a  plated  reflector, 
exhibited  very  many  translucent  or  transparent  specks,  not  referable 
to  accidental  abrasions,  being  often  well-defined,  and  they  were  con- 
sidered as  internal  extensions  of  the  pores  detectable  on  the  surface. 
So  far  as  the  very  limited  knowledge  of  the  observer  justified  a  con- 
clusion, those  microscopic  channels  resembled  much  more  the  im- 
bibing pores  of  mineral  than  of  corneous  sponges,  and  those  of  Grantiae 
rather  than  of  Halichondriae. 

The  lacunae,  believed  to  have  performed  the  functions  of  excurrent 
canals  in  sponges,  presented  on  the  surface,  as  before  stated,  irregular 
pits  (fig,  2),  often  perfectly  circumscribed  with  clear  surrounding 
areas ;  but  they  were  occasionally  united  by  shallow  furrows.  Inter- 
nally their  existence  was  abundantly  shown,  both  in  polished  sections 
and  thin  slices  (fig.  3\  as  well  as  m  roueh  fractures ;  but  it  was  not 
ascertained  whether  tney  preserved,  in  their  inward  course,  an  undi- 
vided character,  or  were  branched.  Though  in  general  very  nume- 
rous, they  were  occasionaUy  less  plentiful  and  small,  and  in  some 
portions  wanting ;  but  the  difference  in  size,  as  well  as  the  total 
absence,  was  ascribed  to  progressive  fiUing-up  as  the  growth  of  a 
specimen  rendered  them  of  less  importance  or  unnecessary  in  those 
portions,  and  not  to  primary  conditions  of  development.  Their  trans- 
verse outline  (fig.  3)  was  very  irregular,  and  it  had  no  definite  boun- 
daiy,  the  margin  being  clearly  formed  of  the  fine  granular  matter 
which  penetrated  more  or  less  within  their  area ;  and  often  a  gradually- 
increased  opakeness  was  shown,  according  as  the  eye  ranged  from 
the  open  channel.     The  reticulated  structure  was  frequently  very 

VOL.  V. — PART  I.  F 


Digitized  by  VjOOQIC 


66  PROCREDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [June  14, 

marked  within  their  area,  reminding  the  observer  of  the  network 
progressively  formed  within  the  excurrent  channels  of  corneous 
sponges.  In  one  of  the  thin  sUces  which  were  obtained,  the  cavities 
had  a  partial  tendency  to  an  elongated  form,  in  consequence  of  a  more 
vertical  intersection,  but  the  range  was  in  no  case  sufficient  to  assist 
in  determining  the  inward  characters  of  the  channels. 

Dark  waved  lines  in  one  section  proved  that  accidentally-destroyed 
surfaces  had  been  covered  by  lateral  extensions  from  adjacent  living 
portions.  

The  second  fossil  to  be  considered  is  apparently  the  Heteropora 
of  the  published  lists*,  specimens  procured  for  tne  describer  from 
the  Council  of  the  Geological  Society,  by  Dr.  Fitton,  having  that 
generic  name  on  their  tablet ;  but  this  coral  is  not  the  one  previously 
beheved  to  have  been  assigned  to  the  genus.  In  the  collection  with 
which  the  author  was  first  favoured,  no  specimen  of  the  present  fos- 
sil was  included ;  and  it  was  inferred,  that  another  without  a  label 
was  the  Heteropora  of  the  lists  (op.  cit.  p.  32,7  *,Ckisma  fur ciUatum). 

The  coral  to  be  examined  is  branched  (PI.  IV.  fig.  5) ;  and  the 
whole  surface  is  beset  with  two  varieties  of  pores  (fig.  5*) — one,  well- 
defined  and  circular,  and  surrounded,  when  perfect,  by  a  projecting 
margin ;  the  other  smaller,  and  variable  in  form,  margin  not  raised : 
internally  (fig.  6)  the  coral  consists  of  tubes  more  or  less  distant  and 
divergent,  being  continuations  of  the  circular  surface-apertures ;  and 
they  are  crossed  at  unequal  distances  by  transverse  laminee  (6"^) :  be- 
tween the  tubes  is  a  cellular  structure,  represented  on  the  surface  by 
the  minor  pores,  and  disposed  in  layers,  which  may  be  separated  me- 
chanically (fig.  / ,  8),  and  are  rendered  visible  in  weathered  surfaces 

Heteropora  was  proposed  by  M.  de  Blainvillef  for  three  Maestricht 
fossib  which  M.  Ooldfuss  had  included  in  his  genus  Ceriopora^. 
The  essential  characters  given  by  its  proposer  consist  in  the  surface 
having  '^  cellules  de  deux  sortes,  les  unes  bien  plus  grands  que  les 
autres ;"  and  the  lobes  or  branches  are  stated  to  be  composed  "  de 
couches  enveloppantes."  {loc,  cit.)  M.  de  Blainville  however  says, 
that  he  had  never  examined  a  species  in  detail  (analyse).  Milne- 
Edwards  §,  in  his  remarks  on  the  genus,  considers  Uie  minor  pores  not 
to  be  the  apertures  of  cells,  but  *'  des  pores  pratiqu^  dans  les  parois 
des  cellules,  dont  les  grands  trous  seraient  les  ouvertures  ovales,  struc^ 
ture  dont  on  voit  beaucoup  d'exemples  parmi  les  Eschares,"  &c. 
He  nevertheless  adopted  the  genus,  and  removed  to  it  the  Millepora 
dumetosa  and  M.  conifera  of  Lamouroux  || .  Many  other  authorities 
have  retained  the  genus,  with  two  sorts  of  cells  or  pores  as  the  essen- 
tial character. 

♦  Quarterly  Journal  Geological  Society,  vol.  iii.  No.  for  August  1847,  p.  296, 
♦*  Heteropora ? "  p.  302,  **  Heteropora." 

t  Manuel  d'Actinologie,  p.  417,  1830-1834. 

i  Petrefacten,  C.  cryptopora,  p.  33.  pi.  10.  fig.  3 ;  C.  anomahpora,  p.  33.  pi.  10. 
fig.  5 ;  and  C.  dichotoma,  p.  34.  pi.  10.  fig.  9. 

§  Lamarck,  2nd  edit,  tome  ii.  p.  317,  1836. 

II  Exposition  M^hodique,  p.  87.  pi.  82.  fig.  7, 8 ;  and  pi.  83.  fig.  6,  7. 
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Were  the  lower  greensand  fossil  to  be  studied  solely  with  reference 
to  the  surface,  little  doubt  might  be  entertained  respecting  the  cor- 
rectness of  the  published  determination ;  but  it  is  necessary  to  in- 
qnire  what  may  be  the  internal  composition  of  the  typical  species  of 
beteroporoy  and  the  amount  of  agreement  with  the  English  coral. 
Of  M.  Groldfuss's  figures,  only  one  exhibits  a  distinct  interior ;  and, 
unfortunately,  it  was  not  drawn  from  the  same  specimen  as  that 
which  supphed  the  enlarged  surface  ;  but  the  coral,  H.  anomalopora, 
is  stated,  as  well  as  H.  cryptopora  (Petref.  p.  33),  to  consist  of 
tubes.  Of  the  composition  of  the  third,  //.  dichotoma,  no  informa- 
tion is  clearly  afforded  in  the  figures,  and  it  is  not  alluded  to  in  the 
descriptions.  The  two  first  species  may  however  be  admitted  to  be 
tubular  and  not  cellular  corals ;  and  from  M.  Goldfuss's  figure  5  b 
(pL  10)  it  may  be  inferred,  that  the  larger  openings  are  only  termi- 
nations of  tubes.  As  respects  the  minor  pores,  the  great  uniformity 
of  size  represented  in  the  delineations  quoted  (fig.  3  c  and  fig.  hd),  and 
the  equality  in  the  dimensions  of  the  large  aperture  as  well  as  the 
distinctness  of  character  in  each  case,  impress  the  behef  that  the 
minor  openings  can  hardly  be  regarded  as  young  interpolations,  but 
that  they  belonged,  as  M.  Milne-Edwards  suggests,  to  a  peculiar, 
subordinate  structure.  M.  Lamouroux's  two  species  of  Miilepora* 
exhibit  however,  in  the  enlarged  representation,  so  great  a  diversity 
of  size  in  the  openings,  and  want  of  separableness  into  two  sets,  that 
there  is  no  difficulty  in  supposing  the  smaller  may  be  the  mouths  of 
young  tubes  f.  Again,  in  the  fossil  described  by  M.  Roemer  under 
the  term  Heteropora  verrucosa  X,  the  secondary  apertures  have  so 
symmetrical  an  arrangement,  that  they  imply  very  distinctive  pro- 
perties in  the  inhabiting  polypi ;  while  in  some  of  the  Heteroporae 
beautifully  figured  in  M.  Michelin's  work§,  the  minor  pores  greatly 
resemble  lacunae,  and,  therefore,  indicate  other  peculiarities  in  the 
constructing  animal.  It  is  not  necessary  to  allude  to  additional  ex- 
amples, enough  having  been  given  to  show  that  *'  two  sorts  of  pores'* 
are  an  insufficient  basis  for  a  genus.  Two  of  the  fossils  described  in 
these  notices,  the  one  under  consideration,  and  Siphodictyum  gracile, 
possess  most  markedly  large  and  minor  apertures,  but  so  far  from 
being  referable  to  one  genus,  they  belong  to  widely-distinguished 
classes.  Neyertheless,  M.  de  Blamville  was  fully  justified  in  sepa- 
rating the  three  fossils  from  Ceriopora ;  but  it  remains  to  be  ascer- 
taind  whether  they  are  to  be  received  as  types  of  one  genus  or  of 
more  than  one. 

The  character,  "  couches  enveloppds,"  is  not  insisted  upon  by  M.  de 
Blainville,  being  borrowed  from  Prof.  Goldfuss's  description  of  Cerio- 
pora (Petref.  p.  32)  ;  as  the  lower  greensand  coral  however  possesses 
such  a  structure,  it  must  not  be  passed  over  in  silence.     The  term 

*  Op. «/.  pL  82.  fig.  8,  pL  83.  fig.  7. 

t  M.  Micbelin  has  described  under  the  terms  Ceriopora  dumetota  afid  C.  coni- 
fera^  fossils  which  he  identifies  iwith  Lamouroux's  Millepone,  and  the  figures  have 
only  one  kind  of  pores.    Iconog.  Zoophyt.  p.  245.  pL  57.  fig.  7  a,  6 ;  fig.  8  a,  b. 

%  Verst.  Norddeuts.  Kreidegeb.  tab.  5.  fig.  26  a,  6. 

$  Iconographie  Zoophytologique,  pi.  57.  figs.  2, 3, 4. 
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has  been  applied  to  two  different  modes  of  composition : — one,  in 
which  tubes  springing  from  a  centre  form  successively  funnel-shaped 
layers  or  rows,  the  newest  being  developed  within  the  one  which 
preceded  it,  as  in  the  fossil  represented  in  Goldfuss's  figure  4  c,  pi.  27 
.  {Calamopora  polymorpha)  ;  while  by  the  other  mode,  the  newest  layer 
is  constructed  without  the  next  older,  constituting  a  cylindrical  crust, 
the  whole  mass  being  composed  of  concentric  layers.     Figure  13, 
pi.  10  {Ceriopora  tubiporacea)  of  the  '  Petrefacten,'  exhibits  appa- 
rently such  a  structure  (consult  p.  35).     Both  those  fossils  M.  de 
Blainville  removed  to  Lamarck's  Alveolites,  which,  he  states,  as  well 
as  that  authority,  is  composed  of  layers  enveloping  one  another  (Man. 
d'Actinol.  p.  404).     If  the  structure  exists  in  the  original  species  of 
Heteropora,  it  probably  conformed  to  the  funnel-shaped  plan  (Pe- 
tref.  pi.  10.  fig.  5  b)  ;  whereas  in  the  lower  greensand  fossil  it  exhibits 
concentric  layers.     In  MM.  Koch  and  Dunker's  work  on  the  oolitic 
formations  of  northern  Grermanyt>  a  coral  referred  to  Heteropora 
displays  in  one  of  its  illustrative  figures  (pi.  6.  fig.  14  c)  a  concentric 
composition  closely  resembling  that  observable  in  some  fractured 
branches  of  the  English  fossil  (fig.  9  nob.) ;  and  it  possesses  a  diversity 
of  size  in  the  pores.     Whether  that  body  has  an  aggregate  of  essential 
structures  similar  to  that  of  the  one  under  examination,  no  opinion 
can  be  hazarded ;  but  supposing  such  an  identity  could  be  established, 
and  it  is  not  impossible,  still,  so  far  from  the  two  fossils  being  distinct 
species  of  Heteropora,  it  would  be  necessary  to  sever  the  Crerman  pro- 
duction from  the  genus.    Again,  the  Ceriopora  tubiporacea  of  Gold- 
fuss  (pi.  10.  fig.  13)  alluded  to  before,  displays  in  the  transverse  section 
a  concentric  composition  closely  resembling  that  shown  in  transverse 
slices  of  the  lower  greensand  coral  (fig.  10)  ;  but  in  the  figures  quoted, 
only  one  sort  of  aperture  b  delineated,  and  there  are  no  proofs  of 
continuous  tubular  cavities.     M.  de  Blainville  removed  Cer,  tubipo- 
racea to  AlveoUtes,  as  already  stated ;  but  it  b  not  necessary  to  in- 
quire if  the  fossil  under  discussion  belong  to  the  same  genus ;  because, 
whether  the  second  species  described  by  Lamarck  (AL  suborbicularis, 
t.  ii.  p.  286),  the  first  being  of  a  doubtful  nature,  or  the  recent  spe- 
cies (AL  incrtistans,  p.  287,  no.  4),  be  assumed  as  the  type,  neither 
of  them  has  the  structures  of  the  Isle  of  Wight  coral. 

As  a  summary  of  differences  between  Heteropora  and  the  subject 
of  this  notice,  it  may  be  stated,  that  in  the  tubes  of  H.  anomalopora 
not  a  trace  of  transverse  laminae  is  shown,  nor  are  such  plates  alluded 
to  in  the  descriptions  of  any  species ;  whereas,  in  the  specimens  re- 
presented by  &g,  6  and  6*,  they  are  often  very  conspicuous :  the  cha- 
racter expressed  by  M.  Goldfuss's  figure  5  is  that  of  the  tube  of  an 
Ascidian  polype ;  while  the  laminae  in  the  section  would  intimate  an 
Anthozoan  inhabitant.  Whatever  may  be  the  nature  of  the  minor 
pores  in  Heteropora,  they  clearly  belong  to  a  peculiar,  cellular  struc- 
ture in  the  greensand  fossil :  differences  in  the  enveloping  layers  have 
been  already  mentioned ;  but  it  must  be  added,  that  in  the  English 
coral  the  concentiic  character  is  due  to  a  cellular  composition  ar- 

t  Beitrage  tm  Kenntnits  det  NordUeutschen  Oolithgcbildes,  &c,  4to,  1837. 
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ranged  in  more  or  less  regular  rows  (fig.  6),  which  are  separable  me- 
chanically with  smooth  surfaces  (fig.  7>  8).  Conceiving  that  these 
distinctions  justify  an  altered  assignment,  and  not  haying  been  able 
to  discover  an  aggregate  of  similar  structures  in  any  genus  known  to 
him,  the  describer  proposes  to  designate  the  greensand  coral  by  the 
term  Choristopetalum{x<upi<rT6i,  separabilis,  veraKovy  lamina), in  allu- 
sion to  the  separable  layers  between  the  tubes. 

Choristopetalum,  n.  g. 

Gen.  char, — Branched  or  encrusting :  surface  beset  with  apertures  of 
two  kinds, — one  the  termiuations  of  tubular,  abdominal  cavities, — 
the  other  smaller  and  connected  with  an  intermediate  cellular  struc- 
ture :  abdominal  cavities  crossed  by  transverse  lammee,  no  lamellae 
or  furrows ;  adjacent  tubes  more  or  less  distant :  interspace  occupied 
by  separable  layers,  perforated  by  pores :  young  cavities  produced 
between  the  pre-existing. 

Choristopetalum  impar,  n.  sp. 

(Pl.  IV.    fig.  5  to  11.) 

Spec,  char, — Unequally  branched,  or  encrusting :  apertures  of  abdo- 
minal cavities  raised,— of  the  cellular  pores  immersed ;  no  order  of 
arrangement  in  the  openings,  nor  numerical  proportion  between  the 
large  and  small :  abdominal  cavities  nearly  vertical  or  slightly  diver- 
gent in  the  axis  of  the  branches,  almost  horizontal  in  the  outer  zone ; 
distance  between  transverse  laminae  variable :  interspace  dividmg  the 
cavities  very  small  in  the  axis  of  the  branches,  often  considerable  in 
the  outer  zone ;  composition  and  range  of  cellular  layers  unequal. 

As  respects  detailed  remarks  on  the  series  of  specimens  submitted 
to  examination,  the  manner  of  growth  primarily  demands  attention ; 
and  it  is  best  to  consider  first,  the  nature  of  the  normal  or  branched 
mode.  No  example  was  afforded  in  the  collections  of  a  base  or  of 
a  perfect  upper  extremity ;  but  sufficient  proofs  that  the  plan  of 
branching  varied  considerably.  One  instance  exhibited  a  marked 
tendency  to  regular  bi^rcations  (fig.  5)  ;  another  had  a  principal 
stem  with  lateral  off-shoots ;  while  in  some  cases  it  was  impossible 
to  reduce  the  ramifications  to  any  plan.  There  was  abo  no  uniiformity 
in  the  distance  between  either  the  bifurcations  or  the  lateral  shoots. 
The  process  which  attended  the  branching  was  not  satisfactorily 
shown  m  the  sections  obtained ;  but  if  it  was  rightly  understood 
(fig.  6),  there  occurred,  at  the  point  where  the  abdominal  cavities  di- 
verged outwards,  a  considerable  development  of  additional  hollows, 
which  assumed  immediately  the  nature  of  a  new  axis,  but  less  in  dia- 
meter than  that  of  the  parent  stem.  How  far  the  diverging  cavities 
entered  into  the  composition  of  the  off-set  was  not  visible ;  but  it  is 
presumed,  from  the  dichotomous  specimen,  that  they  contributed,  for 
a  limited  extent,  to  its  composition :  and  a  similar  inference  it  is  con- 
ceived may  be  drawn  respecting  the  instances  of  irregular  off-shoots 
generally.  The  branches  gradually  increased  in  thickness  downwards  { 
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but  the  apertures  of  the  cavities  maintained  throughout  the  same 
character  and  relative  surface-position  or  amount  of  protrusion,  due 
allowance  being  made  for  the  state  of  preservation.  This  description 
of  increase  deserves  attention,  as  one  means  towards  forming  a  correct 
determination  of  the  class  to  which  an  obscure  fossil  may  belong.  In 
certain  Bryozoa,  as  Horncray  a  great  downward  thickening  also  oc- 
curs ;  but  the  visceral  cavities,  which  at  the  upper  extremity  of  a 
branch  or  main  stem  project  considerably,  are  progressively  immerged 
by  external  additions  to  the  surrounding  interspaces ;  and  this  surface- 
change  depends  on  the  viscera  occupying  permanently  the  same  situa- 
tion in  the  cavity,  which,  being  once  perfected,  is  not  afterwards 
lengthened.  On  the  contrary,  among  Anthozoa  of  similar  branched 
modes  of  growth,  the  digestive  orsans  occupy  successively  a  higher 
position,  forming  generally  below  them  a  thin  plate  or  a  compUcated 
structure ;  and  they  are  thus  enabled  to  maintain  constantly  the 
same  relation  with  respect  to  the  general  surface,  the  cavity  being 
extended  proportionably .  Allusion  has  been  already  made  more  than 
once  to  the  existence  of  transverse  plates  in  Choristopetalum  impar ; 
and  in  the  character  of  the  abdominal  apertures  is  an  additional  con- 
firmation of  the  fossil  being  a  true  Anthozoon  ;  while  Heteropora  has 
been  placed  by  general  consent  among  the  Bryozoa. 

Respecting  the  parasitical  mode  of  development,  satisfactory  evi- 
dence was  afiforded  by  a  translucent  slice  of  a  specimen  which  had 
surrounded  a  well-defined  apparently  testaceous  tube :  that  the  en- 
veloped body  was  not  the  sheath  of  a  perforating  mollusk,  was  evident 
from  the  characters  about  to  be  noticed.     Immediately  on  the  tube 
was  an  irregular  layer  of  an  indistinct  nature,  but  plainly  the  base  of 
the  coral ;  and  upon  it  rested,  in  some  places,  more  or  less  conform- 
ably, abdominal  cavities,  which,  after  a  limited  but  variable  range, 
inclined  upwards  or  outwards :  occasionally  the  hollows  assumed  al- 
most at  once  a  position  vertical  to  the  base ;  and  a  few,  distinct  cir- 
cles marked,  it  was  conceived,  transverse  sections  of  tubes,  which  had 
taken  a  contrary  line  of  growth :  in  one  part  also  a  decided  fasciculus 
or  branch-Hke  group  sprung  from  the  base,  but  it  did  not  extend  to 
the  surface,  being  overlaid  by.  a  confused  aggregate  of  structures. 
The  coral  zone  throughout  its  whole  circuit  and  breadth  abounded 
vnth  indications  of  disturbed  growth,  with  unconformable  extensions 
over  portions  which  had  been  accidentally  destroyed :  in  some  places 
likewise  the  abdominal  cavities  had  a  zigzag  form ;  the  whole  amount 
of  irregularities  clearly  indicating  that  the  polypes  had  founded  their 
edifice  upon  an  unstable  basis.     Had  this  section  been  examined  by 
itself,  the  coral  might  have  been,  considered  as  an  Ascidian  zoophyte 
referable  to  the  family  TubulipoHdee*.     Many  however  apparently 
obscure  signs  of  structure,  and  which  might  have  been  disregarded  if 
seen  alone,  became  with  the  aid  of  more  satisfactory  evidence  im- 
portant proofs  of  the  fossil's  true  nature,  and  supported  a  different 
conclusion.     In  the  best-developed  abdominal  cavities  a  transverse 

*  Consult  M.  Milne-Edwards's  enlarged  figure  of  TubuUpara  verruearia,  Ann. 
Sc.  Nat.,  2nd  Scr.,  Zool.,  tome  viii.  pi.  12.  fig.  1  b,  1838;  or  Recherches  sur  les 
Polypes,  &c. 
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plate  was  occasionally  detected,  agreeing  with  those  fully  exposed  in 
Uie  vertical  slice  of  a  branched  specimen ;  while  the  absence  of  such 
a  lamina  in  many  cavities  only  accords  with  what  frequently  occurs 
in  fossil  Anthozoa,  and  has  even  led  to  a  statement  of  their  total 
absence.  Aeain,  in  one  portion  of  the  coral  zone  a  cellular  structure 
was  clearly  shown  between  the  visceral  hollows,  and  distinguishable 
from  intersected  tubes  by  irregularity  of  form,  and  more  or  less 
marked  approach  to  the  arrangement  of  the  layers  in  other  slices. 
Still  further,  in  a  vertical  translucent  section  was  noticed  an  overlying 
or  unconformable  development,  perfectly  resembling  those  so  abun- 
dant in  the  parasitic  section. 

The  surface-characters  varied  according  to  the  amount  of  preser- 
vation^ and  the  state  of  development  at  the  time  of  the  animal's  de- 
struction. Respecting  worn  conditions  no  remarks  are  necessary ; 
but  attention  must  be  solicited  to  variations  due  to  different  states  of 
growth.  The  whole  surface  occasionally  exhibited  an  irregular  net- 
work, and  the  apertures  of  the  abdominal  cavities  could  not  always 
be  easily  separated  from  the  cellular  composition.  This  indistinct- 
ness was  ascribed  to  the  specimen  having  lost  its  vitality  while  a 
cellular  layer  was  forming,  and  the  upper  laminae  of  the  cells  had  not 
been  produced.  In  cases  of  a  tolerably  preserved,  mature  surface 
(^.  11),  the  larger  openings  had  a  raised,  bold  rim,  but  the  second- 
ary were  small,  sometimes  almost  inconspicuous,  and  depressed.  It 
will  be  shown  in  a  subsequent  paragrapn,  that  layers  separated  me- 
chanically exhibited  similar  characters,  proving  that  the  condition 
last-mentioned  indicated  a  periodical  perfecting  of  composition. 

Among  the  internal  structures,  the  abdominal  cavities  first  claim 
attention.  Their  great  uniformity  of  dimension  and  considerable 
range,  as  well  as  slight  divergence  in  the  axis  of  the  branch,  with  a 
sudden,  almost  horizontal  course  in  the  outer  zone,  were  well-shown 
in  vertical  sections  (fig.  6)  ;  and  similar  characters  were  clearly 
deducible  from  transverse  slices  (fig.  9,  10).  The  simple  cross- 
laminae  were  very  oflen  wanting,  as  already  stated,  but  they  occurred 
in  sufficient  number  to  prove,  that  they  formed  one  of  the  essential 
structures  of  the  coral.  The  interspace  between  the  plates  was  va- 
riable, but  always  considerable  and  unoccupied  (fig.  6*) ;  and  no 
marked  difference  was  noticed  between  the  laminee  and  intervals  of 
the  axis  and  those  of  the  outer  zone  (fig.  6).  There  was  no  accord- 
ance in  position  in  adjacent  cavities  (fig.  6*) ;  and  when  the  range 
agreed  with  that  of  the  upper  or  lower  lamina  of  a  concentric  layer, 
the  coincidence  was  evidently  accidental.  Similar  transverse  laminae 
with  clear  interspaces  are  well  known  to  occur  in  the  recent  Heliopora 
cetrulea  and  Pocillopora  damtcotmis ;  also  in  Favosites  Gothlandiea 
and  many  other  extinct  corals ;  but  always  with  an  aggregate  of  struc- 
tures difiTerent  from  that  of  Chorist ope t alum  impar.  In  polished,  opake 
sections  the  boundary  of  the  cavities  appeared  to  be  thick,  and  those 
of  adjacent  cavities  united ;  but  in  translucent  slices,  the  thick  wall 
was  shown  to  have  a  complex  texture,  which  became  markedly  cel- 
lular, where  the  intervals  between  the  abdominal  hollows  increased ; 
and  even  in  the  central  axis  the  boundaries  were  divided  by  a  fine. 
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bright  line,  more  or  less  continuous.  The  composition  of  the  waU 
was  not  satisfactorily  ascertained ;  but  in  roughly  fractured  sections, 
which  afforded  occasionally  a  limited  portion  of  a  cavity  unoccupied 
by  calcareous  spar,  minute  foramina  were  visible. 

The  nature  of  the  intermediate  structure  must  next  be  noticed.     A 
fine,  bright  line  (fig.  6),  separating  the  walls  of  adjacent  cavities 
in  the  central  area,  has  just  been  mentioned.     It  was  not  always 
equally  distinct,  in  consequence  of  structural  interference ;    and  it 
was  frequently  crossed  by  filaments  or  laminae ;  occasionally  also  in 
some  sections  by  a  bolder  band,  which  had  a  symmetrical  arrange- 
ment, and  formed  an  apparently  continuous  arch.    In  transverse  sec- 
tions of  the  central  area,  the  fine  line  was  less  evident,  yet  detectable, 
llie  passage  of  this  delicate  interspace  from  the  axis  to  the  outer 
zone  was  often  obscured,  but  cases  of  decided  increase  of  breadth 
occurred  as  well  as  of  more  prominent  cross-filaments,  which  gave 
the  interval  a  cellular  character.     The  equivalent  space  in  the  outer 
zone  was  oft;en  narrow  and  clouded ;  but  the  degree  of  opacity  was 
unequal,  and  where  least,  small,  slightly  translucent  intervals  were 
separated  by  darker  Hues ;  while  in  a  transverse  sHce  also  with  nearly 
approximated  abdominal  cavities,  simple  or  circular  lines  formed  a 
complete,  intermediate,  cellular  structure.     In  some  cases,  the  inter- 
vals with  a  decided  composition  were  clearly  continuous  with  those 
which  separated  the  cavities  in  the  central  area.     Where  tlie  space 
between  the  visceral  hollows  was  considerable  (fig.  6),  it  consisted  of 
small,  briffht  areas,  sometimes  oval,  but  more  frequently  of  indefinite 
form,  and  surrounded  by  opake  lines;  occasionally  these  areas  or 
cells  were  arranged  in  definite  rows,  parallel  to  the  exterior  of  the 
branch,  with  a  strong  upper  and  lower  continuous  boundary ;  the 
latter  structure  however  was  not  always  conspicuous,  and  in  many 
cases  mclosed  more  than  one  row  of  cells.     The  natural  surface  of  a 
specimen  has  been  stated  to  exhibit,  under  certain  conditions  of 
growth,  a  general  network ;  and  its  irregular  meshes  clearly  occo- 
pied  the  same  position  relative  to  the  abdominal  canities  as  that  of 
the  cells  just  mentioned :  a  branch  hkewise  purposely  worn  down,  as 
nearly  parallel  to  the  exterior  as  possible,  and  without  penetrating 
beyond  the  outer  zone,  exhibited  a  similar  network.     The  boimdary 
of  the  meshes  or  cells  in  both  the  natural  and  exposed  surfaces  was 
continuous  and  thick,  forming  a  perfectly  surrounding  waU,  which 
with  the  upper  and  lower  laminae  completely  encompassed  the  areas. 
It  is  inferred,  from  the  cross-filaments  in  the  fine  intervals  of  the 
axis,  that  those  narrow  spaces  were  cellular  as  well  as  the  more  am- 
ple, and,  therefore,  that  the  occasional  cloudiness  before-mentioned 
was  due  to  the  plane  of  intersection  passing  through  or  close  to  the 
side-walls.     With  respect  to  the  communications  between  the  abdo- 
minal cavities  and  the  cells,  and  among  the  latter,  where  numerous, 
it  is  sufficient  to  allude  to  the  microscopic  pores,  already  mentioned, 
in  the  periphery  of  the  visceral  hollows,  and  to  state,  that  similar 
foramina,  or  bright  specks  representatives  of  them,  were  noticed  in 
the  opake  interspaces. 

The  concentric  layers  shown  in  fractured  or  weathered  specimens 
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(fig.  5)  next  demand  consideration ;  but  it  is  to  the  characters  which 
they  exhibit  in  prepared  sections  (fig.  6)  and  mechanically-parted  sur- 
fiuses  (fig.  7,  B)  that  attention  must  be  chiefly  confined.     The  struc- 
tnre  was  not  noticed  in  the  central  area  of  one  vertical  shce  {&g.  6)  ; 
but  in  another  (fig.  6*),  which  displayed  that  portion  of  a  branch  to 
a  much  greater  extent^  it  formed  a  series  of  arched  lines  of  unequal 
cuirature,  and  apparently  continuous;  but  in  many  instances  the 
layer  did  not  extend  across  the  abdominal  cavity ;  and  where  it  did, 
there  was  generally  a  slight  cloudiness,  as  if  a  film  of  the  wall  or  inter- 
cellular structure  had  been  included  in  the  section :  occasionally  also 
a  transverse  plate  coincided  in  position  with  the  curve.    The  greatest 
distance  between  the  centre  of  the  arches  never  exceeded  half  a  line, 
and  was  often  much  less,  while  it  gradually  decreased  as  the  lines 
bent  downwards  and  entered  the  outer  zone.     In  that  portion  of  the 
coral,  so  far  as  could  be  ascertained  (fig.  6),  the  concentric  layers  were 
never  far  apart ;  and  this  difference  between  the  middle  and  surround- 
ing areas  apparently  depended  on  the  cylindrical  mode  of  growth,  the 
upward  development  far  exceeding  the  transverse.    It  may  be  further 
remarked,  that  in  the  axis  of  the  coral,  the  digestive  organs  had  Httle 
to  nourish  except  the  periphery  of  the  cavity  and  themselves,  the 
intermediate  structure  being  very  small ;  whereas  in  the  outer  zone, 
there  was  always  a  considerable  amount  of  cellular  composition ;  and, 
it  is  believed,  that  this  unequal  demand  necessarily  allowed  but  a  slow 
increase  of  outward  to  upward  extension.    Vertical  or  transverse  shces 
afforded  however  no  evidence  of  the  actual  nature  of  the  concentric 
layers,  as  they  exhibited  not  a  sign  of  a  bilaminated  composition. 
Accidental  cross-fractures  gave  sometimes  a  central  boss  (fig.  9),  con- 
sbdng  of  a  smooth,  apparently  soUd  network  with  open  meshes ;  the 
former  evidently  representing  one  of  the  arches  of  the  axis ;  and  the 
latter  proving  that  the  concentric  layer  did  not  extend  across  the 
abdominal  cavities :  moreover  the  smoothness  showed,  that  the  par- 
tition had  coincided  with  naturally  separating  surfaces.      Minute 
foramina  not  referable  to  young  cavities  were  detectable  in  the  sub- 
stance of  the  network.     Severed  layers  of  the  outer  zone  gave,  still 
more  satisfactory  signs  of  composition  ;  and  in  one  instance  ^g.  7,  8) 
the  parted  upper  and  lower  laminae  were  preserved.    First,  as  respects 
the  upper  surface  of  the  lower  plate  (fig.  7).     The  general  surface 
was  more  or  less  uneven,  but  smooth,  or  exhibited  not  the  least  trace 
of  having  been  structurally  united  to  the  upper  lamina  ;  there  were 
also  no  projecting  lines,  like  fractured  edges  of  a  reticulation.     The 
larger  or  abdominal  openings  were  circular  or  oval,  and  had  often  a 
nd^ed  margin ;  while  the  smaller  apertures,  sometimes  minute,  had 
likewise  a  tendency  to  a  round  outline,  but  the  margins  were  de- 
pressed :  and  between  the  openings  a  furrow  was  occasionally  detect- 
able, marking,  it  was  beUeved,  the  boundary  of  the  subjacent  cell. 
The  under  surface  of  the  upper  lamina  (fig.  8)  presented  structural 
<M)unterparts  to  those  just  mentioned — the  abdommal  apertures  being 
generally  sunk,  and  the  margin  of  the  minor  frequently  raised ;  there 
were  also  traces  of  projecting  lines  answering  to  the  furrows  in  the 
lower  plate.  These  corresponding  structures  showed  that  the  superior 
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lamina  had  been  moulded  on  the  inferior,  without  being  united  to  it ; 
a  pause  having  clearly  intervened  between  the  perfecting  of  one  plate 
and  the  secreting  of  the  other ;  and  the  adaptation  in  the  irregulari- 
ties, or  in  the  projections  and  depressions,  would  account  for  a  bi- 
fold  composition  not  being  visible  in  thin  sHces.     The  characters  of 
the  minor  openings  would  lead  likewise  to  the  inference,  that  those 
apertures  were,  for  a  time  at  least,  not  wholly  closed  ;  but  afforded  a 
direct,  often  a  large  means  of  communicating  between   successive 
layers.    Among  existing  corals  the  Anthophyllum  musiccde  of  Ehren- 
berg  *  possesses  a  cellular  intermediate  structure ;  but  the  cells  or 
vesicles  have  no  similar  foramina  in  their  upper  and  lower  laminse,  nor 
are  they  arranged  in  rows  separable  mechanically  as  in  Choristopetalum 
impar ;  the  whole  composition  being  an  irregular  aggregate  of  vesi- 
cular cavities,  and  produced,  according  to  Ehrenberg,  by  appendages 
of  the  mantle  (op.  cit.  Gen.  Char.  p.  89).     On  the  contrary,  it  is 
believed,  that  the  membrane,  which  secreted  the  outer  surface  of  the 
raised  margin  of  the  abdominal  cavity,  did  not  range  far  beyond  that 
structure,  as  it  would  be  difficult  to  conceive,  if  an  extension  of  the 
mantle  alone  produced  the  cellular  composition,  why  a  relatively 
large  aperture  should  be  kept  open  between  a  subjacent  and  superior 
layer  of  cells  in  this  case,  and  none  should  exist  in  Anthophyllum 
musicahy  &c.     It  is  conceived,  therefore,  that  the  cells  contained 
within  themselves  the   secreting  membranes  by  which  they  were 
formed,  nourished  as  well  as  suppUed  with  calcareous  matter  from 
the  digestive  organs,  by  means  of  the  lateral  pores  in  the  abdominal 
cavity  and  the  sides  of  the  cells  likewise :  while  at  the  fitting  season 
for  developing  another  layer,  the  secreting  membranes  were  extended 
through  the  apertures  in  the  pre-existing  one,  and  when  sufficiently 
grown  commenced  forming  the  superstructure,  a  constant  commum- 
cation  being  kept  up  by  aid  of  the  necessarily  corresponding  openings. 
Respecting  the  mode  of  developing  additional  cavities,  very  few 
suggestions  can  be  offered,  and  so  far  as  was  ascertained,   they 
were  produced  chiefly  in  the  central  area.     In  the  middle  of  ho- 
rizontal thin  sections  (fig.  10),  smaU  polygonal  spaces  were  sur- 
rounded by  others  of  full  size ;  but  they  were  not  numerous ;  and  in 
a  central  boss  of  a  fractured  branch,  similar  minute  cavities  occurred : 
vertical  slices  also,  to  the  extent  to  which  they  could  be  trusted, 
being  necessarily  more  or  less  obUque,  on  account  of  divergence  in 
growth,  sanctioned  an  interpolated  origin.     Not  a  trace,  under  any 
circiunstances,  was  noticed  of  a  divisional  process  within  a  matiue 
cavity,  resembling  that  which  exists  in  the  Chaetetesf  of  M.  Fischer. 
No  satisfactory  evidence  was  obtained  of  additional  cavities  in  the 
outer  zone ;  but  this  want  of  positive  proof  must  not  lead  to  the  in- 
ference, that  they  never  exist  m  that  portion  of  a  branch.     Among 
existing  corals,  as  De  Blainville's  Sideropora  and  Lamarck's  PocU- 
lopora,  young  visceral  hollows  are  produced  most  abundmitly  in  the 

*  Beitrage,  &c.  p.  89 ;  Caryophyllia  miuicaliSf  Lamarck,  2nd  Ed.,  t.  ii.  p.  350, 
no.  6-    Consult  Esper's  Pflanzenthiere,  Madrep.  tab.  30.  lig.  2-4. 

t  Geology  of  Russia,  by  Sir  R.  I.  Murchison,  M.  de  Verneuil  and  Count  Keyser- 
ling,  vol.  i.  Appendix  A.  p.  594. 
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centre  of  a  terminal  branch,  where  the  interspaces  also  are  generally 
Tery  narrow ;  but  in  the  part  equivalent  to  the  outer  zone  of  the 
lower  greensand  fossil,  and  at  a  considerable  distance  from  the  upper 
extremity  of  the  branch,  small  abdominal  cavities  sometimes  appear. 
In  a  specimen  beheved  to  be  the  Sid,  scabra  of  De  Blainville'*',  the 
yoang  receptacle  was  produced  by  the  plates  of  the  interspace  ar- 
rang;iug  themselves  so  as  to  form  an  imperfect  star ;  while  in  Pocil- 
lopora  damicomisf,  which  has  only  rudiments  of  lamellae,  the  inci- 
pient cavity  was  a  small  irregular  hole ;  in  Choriatopetalum  impar, 
on  the  contrary,  the  additions  were  apparently  made  by  the  conversion 
of  a  cell  into  a  visceral  hollow. 

It  remains  to  hazard  an  opinion  relative  to  the  systematic  position 
of  the  fossil.  Little  doubt  can  be  entertained,  that  it  should  be  as- 
6ig;ned  to  the  class  Anthozoa;  and  its  curious,  complicated  struc- 
tures supply  additional  reasons  why  the  term  polype  should  not  be 
restricted  to  the  tentaculated  mouth  and  digestive  organs ;  but  ex- 
tended, if  for  convenience  sake  it  be  retained,  to  the  whole  of  the 
animal,  and  anatomical  terms  applied  to  the  individual  structures^. 
In  attempting  however  to  define  more  precisely  the  position  of  the 
extinct  genus,  the  absence  of  lamellae  or  all  representatives  of  them 
presents  a  great  difficulty.  Among  existing  stony  Anthozoa,  Tubi- 
pora  is  the  only  genus  known  to  the  compiler  of  these  memoranda 
which  is  equally  deficient ;  but  that  zoophyte  is  furnished  with  eight 
pennated  tentacula,  and  on  that  account  is  placed  by  £hrenberg 
among  the  eight  radiated  or  lamellated  coral  animals  (Beitrage,  Syst. 
Table) .  It  would  be  clearly  altogether  incorrect  to  assume,  that  the 
fofisil  under  examination  possessed,  when  alive,  eight  similar  tenta- 
cnla ;  and  much  investigation  is  necessary  before  a  positive  agree- 
ment between  the  number  of  those  appendages  and  that  of  the  lamellae 
can  be  admitted.  Lesueur§  divided  the  corals,  referred  by  him  to 
Astraea,  into  two  groups,  one  provided  with  tentacula,  the  other  de- 
stitute of  them ;  notwithstanding  all  the  species  are  many-lamellated ; 
and  he  describes  Agaricia  purpurea  as  without  apparent  tentacula 
(op.  cit.  p.  276).  Ehrenberg  states  his  whole  family,  Milleporina, 
wants  that  structure  (op.  cit,  p.  122),  but  is  furnished  throughout 
with  ax  to  twelve  obsolete  lamellae ;  Mr.  Dana,  however,  alludes  to  its 
existence  in  the  genus  Pocillopora,  as  well  as  in  a  new  species  oiSeria- 
topora  II .  Explanaria  Hemprichii  ^,  Pavonia  cactus  *  *,  Tridacophyl" 
lia  lactuca'Wy  and  the  small  genus  EchinoporaXXi  are  described  as 
wanting  tentacula ;  but  they  are  all  lamellated.  Some  of  these  state- 
ments are  possibly  founded  on  animals  which,  at  the  time  of  obser- 

*  Mm.  d'Actinol.  p.  384 ;  Atlas,  pi.  60.  fig.  2. 

t  Lamk.  ii.  p.  442  ;  Esper's  Pfianzenthiere,  Madrep.  tab.  46  &  46  a. 

t  Consalt  Dr.  Grant's  Memoir  on  Flustrae,  Edin.  New  Phil.  Journ.,  No.  5,  p.  1 16, 
1827 ;  also  M.  Milne-Edwards's  Memoir  on  Recent  Eschane,  p.  24,  Ann.  des  Sc. 
Nat.,  2nd  series,  Zool.,  tome  vi.  1836,  or  Recherches  sur  les  l^olypes,  &c. 

§  M^m.  da  Mus^nm,  tome  vi.  pp.  285,  286,  &c. 

H  Exploring  Expedition,  Zoophytes,  pp.  523,  521.  5pr.  hyttrix,  1846. 

t  Ehrenberg,  Beitrage,  p.  82.  **  Ibid.  p.  105. 

tf  De  Blainville,  Man.  d*Actinologie,  p.  362. 

XX  Consult  Mr.  Dana,  ExpL  Exped.  p.  277-278. 
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vation,  were  not  faHj  expanded ;  yet  many  of  them  are  giren  by  au* 
thorities  sensible  of  the  necessity  of  caution  in  that  respect ;  and  it  is 
well  known  that  those  appendages  vary  greatly  in  their  characters, 
and  are  frequently  yery  short  or  obsolete.  This  inquiry  must  not  be 
pursued  further,  but  sufficient  has  been  advanced  to  show,  that  there 
18  not  an  absolute  agreement  between  lamellee  and  tentacula ;  and 
therefore  that  it  is  not  safe  to  reason  from  one  structure  to  the  other 
in  considering  the  place  of  an  extinct  coral  in  a  systematic  arrange- 
ment. If,  however,  attention  be  confined  to  J^ubipora,  still,  as  before 
remarked,  it  would  be  palpably  wrong  to  assume,  that  a  fossil,  pos- 
sessed of  peculiarities  totally  wanting  in  the  recent  zoophyte,  should 
have  had  the  same  number  of  tentacula  as  that  body;  and  still  more 
so,  that  those  appendages,  whatever  may  have  been  their  amount^ 
should  have  had  a  similar  conformation  and  distribution.  From  esta- 
blished extinct  genera,  Uttle  assistance  also  can  be  obtained,  though 
they  have  had  definite  positions  assigned  them.  Catenipora  is  known  to 
have  twelve  furrows*,  and  Syringopora  has  more  than  that  number +; 
and  such  grooves  are  generally  considered  as  representatives  of  la- 
mellae; the  difference  depending  on  the  membranes,  which  connected 
the  digestive  sac  with  the  sides  of  the  cavity,  not  having  been  pro- 
vided with  secreting  vessels.  The  Cluetetes  of  M.  Fischer  J  has 
neither  rudiments  of  lamellae  nor  furrows,  but  the  fissiparous  manner 
of  producing  additional  hollows  for  the  reception  of  digestive  oi^ans, 
clearly  forbids  its  being  regarded  as  allied  to  Choristopetalum.  Ehren- 
berg  states,  from  actual  inspection,  that  the  Calamopora  Gothlandica 
of  Goldfuss  (Favosites  id.  of  Lamk.)  has  from  six  to  twelve  interrupted 
lamellae  (Beitrage,  p.  122).  No  such  points  or  papillae  have  been 
hitherto  noticed  by  the  author  of  these  remarks  in  a  coral,  believed  to 
be  specifically  identical  with  that  described  and  figured  by  Fougt§, 
and  quoted  by  Lamarck ;  though  in  British  and  foreign  palaeozoic 
fossils,  allied  to  a  variety  of  Goldfuss's  Cal.  basaltica  (Petref.  pi.  26. 
fig.  4  a)  and  Cal,  alveolaris  (fig.  1  c,  same  pL),  they  are  very  con- 
spicuous, but  in  many  cases  far  exceed  the  number  mentioned  by 
Ehrenberg ;  and  they  are  oflen  not  reducible  to  definite  series.  Fully 
admitting,  nevertheless,  the  accuracy  of  his  observation,  still  Calamo- 
pora, as  retained  by  him,  cannot  be  considered  simply  as  a  1 2-radiated 
genus ;  its  whole  characters  moreover  being  open  to  investigation ; 
but,  whatever  may  be  its  true  systematic  position,  no  aid  can  be  de- 
rived from  its  composition  in  determining  that  of  the  lower  green- 
sand  zoophyte  || .  Lastly,  the  Alveolites  of  Lamarck  (op.  cit.  p.  285), 
assuming  Ah.  suborbicularis  as  the  generic  type,  wants  apparenUy 
all  equivalents  for  lamellae  (consult  Goldfuss,  pi.  28.  fig.  1);  but  the 

*  Ehrenberg,  Beitrage,  p.  120. 

t  De  Blain^le,  Man.  d'Actinol.  p.  353-354 ;  also  Geology  of  Russia  by  Sir 
R.  Marchison,  M.  de  Verneail  and  Count  Keyserling,  vol.  i.  Appendix  A.  p.  591. 

t  Oryctographie  du  Gouvernement  de  Moscou,  p.  159, 1837. 

§  Dissertatio  de  Coralliis  Balticis,  Amoen.  Acad.  vol.  i.  p.  211,  plate,  fig.  27, 1745, 
edit.  1749 ;  Lamarck,  2nd  Edit.,  tome  ii.  p.  320. 

n  It  is  impossible  in  this  notice  to  discuss  the  distinctive  characters  of  the 
fossils  composing  M.  Goldfuss's  Calamopora,  as  a  fidl  investigation  of  them  would 
occupy  very  many  pages. 
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l^aces  assigned  to  it  in  general  classifications'*'  cannot  be  accepted 
now,  whatever  may  have  been  their  value  at  the  time  of  proposing. 
Uii<kr  tills  want  of  satisfactory  guidance  it  is  merely  suggested  that 
the  lower  greensand  genus  shoiud  be  considered  as  inferior  in  com- 
poation  to  the  lamellated,  so  far  as  the  want  of  vertical  plates  within 
the  abdominal  cavity  is  concerned,  leaving  to  future  discoveries  the 
determining  an  approximate,  right  position. 


The  fossil  which  next  claims  attention  appears  to  have  been  originally 
named  ^«^r«a  elegans^  sp.  n.f  It  consists  (PI.  IV.  ^^.  12)  of  closely 
approximated,  abdominal  cavities  or  stars,  with  more  than  twelve  un- 
equal lamellee ;  the  bottom  of  the  cavity  is  a  simple,  transverse  lamina, 
more  or  less  crossed  by  the  four  most  prominent  lamellae  (fig.  12*), 
but  no  central  union  of  these  plates  was  detected,  nor  any  reti- 
culated central  structure :  the  stars  have  no  definite  outer  boundary, 
the  lameUse  of  one  cavity  frequently  blending  with  those  of  the  ad- 
jacent hollows  (fig.  12*):  internally  (fig.  13)  the  abdominal  cavities 
present  a  succession  of  laminee,  varying  in  ran^,  curvature  and  incli- 
nation, and  are  sometimes  intersected  by  vertical  plates ;  while  be- 
tween them  is  a  coarse  cellular  reticulation :  additional  cavities  within 
the  area  of  a  specimen  occur  between  the  pre-existing. 

The  only  figured  coral,  known  to  the  describer,  which  exhibits  an 
q>parently  similar  combination  of  external  characters,  is  the  Astreea 
alveolata  of  M.  Goldfuss,  found  in  the  Jura-Kalk  of  Wurtemberg 
(Petref.  p.  65.  tab.  22.  fig.  3) J;  but  the  internal  structure  is  neither 
alluded  to  nor  represented.  The  flat,  simple  flooring  of  the  cavities 
resembles  however  very  closely  that  of  the  Atherfield  fossil ;  and  its 
great  dimensions  are  opposed  to  the  inference  of  its  bein^  the  upper 
end  of  a  solid  central  axis :  in  the  Umited,  inward  range  of  the  lamellae, 
there  is  also  an  accordance,  as  well  as  in  their  outward  blending ;  but 
the  comparison  cannot  be  extended.  Prof.  Groldfuss's  species  has 
been  removed  by  M.  de  BlainviUe  to  his  own  subgenus  Siderastrtea  § ; 
it  is  therefore  necessary  to  inquire,  first,  in  what  respect  the  lower 
greensand  zoophyte  differs  from  Astr€ea,  its  original  generic  assign- 
ment ;  and  secondly,  if  it  possesses  the  characters  of  M.  de  Blain- 
ville's  subordinate  group, 
i.  Astraa  was  one  of  Lamarck*s  great  dismemberments  from  the 

*  Consult  Lamarck,  2nd  Ed.  t.  ii.  "  Polypiers  a  r^seaV  pp.  210,  212  and  286; 
abo  de  Blainville,  Man.  d'  Actinol.  '*  Lea  Millepores/'  pp.  400,  401  and  404. 

t  Quarterly  Journal  Geol.  Soc.  vol.  iii.  p.  296,  Aug.  1847.  M.  Goldfuss  has 
described  under  the  same  designation  a  Maestricht  coral  (Petref.  p.  69,  pi.  23.  fig.  6 
-6d) ;  subsequently  removed  by  M.  de  BlainviUe  to  the  genus  Heliopora  (op,  cit, 
m/e,  p.  393).  In  the  Transactions  of  the  Geological  Society  of  London,  2nd  ser., 
vol.  IT.  pp.  204  and  351,  1837,  Dr.  Fitton  notices  the  existence  of  an  Astnea  at 
Atherfield  Point,  possibly  the  fossil  under  consideration. 

%  M.  Michelin,  in  describ^ig  his  greensand  coral  Attrtsa  eribraria,  found  at 
Avignon,  notices  a  seeming  agreement  vrith  ML  akfeotaiOt  but  he  states  that  the 
lamdbe,  in  fully  exposed  cavities,  extend  to  the  centre.  (Iconographie  Zoophyto- 
logiqoe,  p.  21,  pi.  5.  fig.  4.) 

§  Man.  d' Actinol.  p.  371,  AtL  Sidera$(raa  eavemoia ;  and  2nd  Ed.  Lamarck, 
t.  u.  p.  421,  No.  t45. 
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Madrepor^e  and  Astroites  of  preceding  authorities ;  but  the  then* 
state  of  knowledge  necessarily  occasioned  a  want  of  definiteness  g( 
leading  characters.     He  nevertheless  Hmited  his  genus  to  hemisphe- 
rical and  globular  corals,  with  circular  or  subangular  stars  on  the  sur- 
face ;  but  he  did  not  assign  any  restriction  to  the  number  of  lamellee; 
neither  did  he  call  attention  to  peculiarities  of  internal  composition, 
and  their  influence  on  external  characters ;  nor  to  the  mode  b j  which 
young  stars  are  developed.    This  want  of  precision,  unavoidable  forty 
or  thirty  years  ago,  has  gradually  become  an  increasing  source  of 
error,  by  being  too  closely  adopted;  and  the  evil  assumes  a  still  graver 
aspect  in  extending  the  study  from  recent  to  extinct  zoophytes,  espe- 
cially if  the  geological  age  of  the  fossil  should  be  remote.    Lamarck, 
in  his  edition  of  1816,  gave  only  two  extinct  species,  Jat.  reticulata 
and  A.  emarciata,  corals  possessing  very  opposite  compositioiis ;  but 
M.  De  France t  and  Prof.  Goldfuss  J  subsequently  described  a  great 
amount  of  additional  species,  without  however  any  essential  improve- 
ment of  the  generic  characters.     M.  de  Blainville  grouped  in  sub- 
genera (op.  cit.  p.  366  et  seq.)  the  great  mass  of  materials,  recent 
and  fossil,  of  previous  authorities,  adopting  for  his  basis  chiefly  the 
form  and  relative  position  of  the  stars,  s^ht  advantage  being  also 
taken  of  the  nature  of  the  lamellae ;  but  no  allusion  is  made  to  struc- 
tural combinations,  or  to  the  plan  of  producing  young  stellated  cavi- 
ties.    "  Plusieurs  de  ces  groupes,"  says  M.  Mme-Edwards,  '*  parais- 
sent  6tre  naturels  et  devront  probablement,  lorsqu'on  connaitra  la 
structure  des  polypes  qui  y  appartiennent,  constituer  des  genres 
distincts."  (Lamk.  ii.  p.  404.)     The  groups  however  have  not  been 
adopted  even  for  existing  corals,  though  they  undoubtedly  present  an 
onward  arrangement ;  and  if  palaeontologists,  who  can  never  hope  to 
see  the  living  animal  of  the  subjects  of  their  research,  had  studied 
M.  de  Blainville*s  subgenera  with  the  aid  of  specimens  and  modem 
discoveries,  many  anomalous  determinations  might  have  been  avoided. 
In  Ehrenberg's  Memoir  on  the  Corals  of  the  Bed  Sea(Beitrage,  p.  95), 
far  greater  precision  is  given  to  the  genus  Astrdea,  by  limiting  it  to 
those  many-lamellated  species  which  have  the  stellated  cavities  in 
juxtaposition,  and  which  produce  young  stars,  within  the  area  of  a 
specimen,  by  a  fissiparous  process ;  while  the  species  in  which  a  simi- 
lar mode  of  increase  exists,  but  the  stars  have  more  or  less  clear  in- 
tervals between  them,  are  placed  in  a  distinct  genus,  Favia  (op.  cit. 
p.  93);  and  those  which  develope  new  cavities  between  the  pre- 
existing are  removed  to  another  family.     Mr.  J.  D.  Dana,  in  his  re- 
cent work  on  Zoophytes  §,  arranges  the  corals  referred  by  himself  to 
Astrtea  in  three  subgenera : — 

*  Astnea  was  established  by  Lamarck  in  the  1st  Ed.  of  his  Hist  des  Anim.  sans 
Vert,  published  in  1801.  The  author  of  this  notice  cannot  reifer  to  it,  but  the 
classification  is  given  by  De  Blainville,  op.  cit.  p.  35.  The  Seven-volume  Edition 
was  commenced  in  1816 :  and  M.  Milne-Edwards's  edition,  termed  the  second,  in 
1835. 

t  Dictionnaire  des  Sciences  NaturcUes,  tome  xlii.  1826. 

t  Petrefacta,  &c.,vol.  i.  1826-1833. 

§  Exploring  Expedition,  Zoophytes,  pp.  200,  205,  1846. 
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1 .  Orbicella^  in  which  the  "  cells  "  (stellated  cayities)  do  not  suh- 
diride,  or  rarely,  and  appear  to  be  tubular  with  interstices. 

2.  Siderina,  in  whicn  the  *'  cells  *'  do  not  subdivide,  nor  iqppear  to 
be  tubular. 

3.  Fissieella,  in  which  "  the  cells  subdivide  by  growth  and  bud- 

ding."    . 

In  this  arrangement  therefore  corals  are  generically  re-united, 
though  the  productive  processes  differ,  being  non-fissiparous  in  Side* 
rimoy  rarely  fissiparous  in  Orbieella^  and  essentially  so  in  Fissieella. 
Lastly,  Mr.  Gray  of  the  British  Museum,  in  a  paper  published,  Fe- 
bruary 1847,  in  the  Annals  of  Natural  History,  "  on  an  arrangement 
of  Stony  Corals,"  doubts  where  the  Astraa  of  Lamarck  should  be 
placed ;  but  introduces  the  genus  provisionally  (?)  into  the  family 
AgarieiadiKy  one  division  of  a  great  group  or  order  characterized  by 
^'the  animal  growing  by  spontaneous  division."  {op,  cit.  p.  128.) 

This  brief  summary  of  opinions  entertained  by  five  systematic 
writers,  whose  resources  and  means  for  forming  a  right  judgement 
have  been  most  extensive,  leads  to  the  inference,  that  the  essential 
characters  of  A8tr€ea,  even  as  respects  existing  species,  remain  to  be 
fixed.  The  abstract  shows,  nevertheless,  that  the  latest  authorities 
coincide  in  regarding  the  fissiparous  process  as  an  element  of  the 
genus ;  and  it  is  believed  that  all  the  corals  hitherto  considered  as 
A»tr€Mt,  in  which  it  does  not  occur,  or  so  rarely  as  to  be  an  excep- 
tion, possibly  an  accidental  condition,  should  be  removed  to  another 
family  or  order. 

But  the  palaeontologist  must  not  consider  a  fissiparous  increase  in 
a  circumscribed  star  as  sufficient  to  prove  that  the  fossil  in  which  it 
is  detected  is  an  Attraa.  Among  existing  globular  corals  with  per- 
fectly bounded  cavities,  the  operation  is  not  effected  uniformly ;  and 
the  variations  in  connection  with  other  structural  peculiarities  may 
be  found  valuable  in  proposing  generic  or  subgeneric  groups.  In  a 
recent  coral,  believed  to  be  the  Astr<jea  {Favastrced)  mctgnifica  of 
M.  de  Blainville*,  the  divisional  process  commences  by  the  develop- 
ment of  a  reticulation  among  the  lamellse,  or  the  forming  on  one  side 
of  the  cavity  of  a  new  centre,  equivalent  in  position  with  an  additional 
digestive  apparatus.  It  is  not  a  partition  from  a  previous  reticulated 
centre,  but  a  distinct  structure  separated  by  a  clear,  simply  lamellated 
interval.  Subsequently  a  divisional  barrier  is  constructed,  towards 
which  the  young  digestive  organs  evidently  supply  a  modicum  of 
materials.  Ast,  magnifica  belongs  to  Ehrenberg's  true  Astr€B€B ;  and 
the  stars  expand  as  they  grow  upwards,  so  as  to  leave  no  interspace; 
and  it  is  impossible  to  conceive  how,  under  such  conditions,  a  new 
cavitjr  could  be  formed,  except  within  the  area  of  one  previously 
existmg.  Astrtea  par  cat  a  of  Lamarck  {op.  cit,  p.  406,  No.  7)t 
affords  an  example  of  a  different  mode  of  effecting  a  subdivision.    In 

*  Man.  d'Actinol.  p.  374,  Group.  I.  pL  54.  fig.  3 ;  consalt  also  Mr.  Daiu,  op,  cit, 
p.  231. 

t  Att.  {Meandrintforma)  id.^  De  Blainville,  op.  cit,  p.  367.  Fatfia  of  Ehren- 
berg,  Beitrage,  p.  94.  Consult  Esper's  Pflanzenthiere,  Mad.  pi.  71 ;  also  Dana, 
Zooph.  p.  226. 
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that  coral  the  fissiparoiis  process  passes  through  the  reticulation, 
sometimes  producing  a  perfect  hipartition.     The  characters  of  the 
abdominal  cavity  are  also  different,  and  the  lineal  extension  of  the 
central  network  is  so  much  greater,  that  it  would  be  almost  impos- 
sible to  form  a  new  receptacle  for  viscera  within  a  previous  area 
without  including  a  portion  of  the  reticulation.     There  is  a  farther 
very  marked  structural  distinction  in  the  stars  being  separated  by 
broad  intervals,  one  of  the  characters  on  which  Ehrenberg  founded 
his  generic  separation,  Favta.     The  existence  of  those  spaces  might 
lead  to  the  supposition  that  young  stars  would  be  developed  among 
them.     Their  existence  however  was  clearly  necessary  for  the  pecu- 
liar construction  of  the  animal;  and  in  neither  £sper's  figures  (op.  eit. 
pi.  71),  nor  in  a  specimen  of  similar  dimensions,  was  the  upwards 
growth  sufficient  to  occasion  a  considerable  radiation ;  while  the  pro- 
gressive thickening  of  the  intervals  between  divided  cavities  seemed 
mlly  to  meet  the  effects  of  divergence  and  prevent  an  excessive  di- 
stance between  the  stars :  moreover,  not  a  sign  of  a  young  interpola- 
tion could  be  discovered.     This  inquiry  must  not  be  continued  far- 
ther ;  but  in  the  two  cases  quoted,  considerable  differences  are  shown 
to  attend  the  fissiparous  process,  accompanied  by  marked  structural 
variations,  and  they  are  sufficient  to  mduce  caution  in  studying 
organic  remains.     Among  fossil  corals  other  perfectly  distinct  modes 
occur  of  developing  additional  cavities  within  the  pre-existing ;  and 
the  author  of  this  notice  erred,  when  in  1839  he  retained*  even  pro- 
visionally, the  term  Aat.  ananas  for  a  Silurian  fossil*.     With  re- 
spect to  the  Atherfield  zoophyte,  not  a  vestige  of  a  subdivision  was 
discovered  in  the  many  specimens  submitted  to  examination  by 
Dr.  Fitton. 

ii.  M.  de  BlainviUe  having  removed  Ast.  alveolata  to  Siderastraa 
(ante,  p.  77),  the  composition  of  that  subgenus  must  now  be  noticed, 
as  well  as  Uie  amount  of  agreement  with  M.  Goldfuss's  species  and 
the  lower  greensand  fossil.  Prof.  Edwards  considers  the  group  as 
possessmg  marked  characters  (Lamk.  p.  404).  It  comprised  orid- 
nally  three  recent  and  twenty-eight  fossil  species ;  but  respecting  the 
former  some  diversity  of  opinion  will  be  found  in  the  following  equi- 
valents : — 

1.  M,Sidera»traand*TeatDeB\.^.Z70'^Pav<mia  u{.,Dana,Ezpl.Bxp.p.33I,I846. 

2.—    gataxeot    tt        »      ^Sidermaid,,   „        „      „    p.  218. 

3. —    eaetuif     „        „      "-Povoittauf.,  Ehrenb.,  Bdtrage,  p.  105. 

Bespecting  the  first  species  as  originally  described  in  Ellis  and  So- 
lander  Uttle  is  known f,  and  Mr.  Dana  (loc.  cit.)  doubts  the  correct- 
ness of  Lesueur's  identification  with  it  of  a  West  Indian  coral  J.  The 
animal  of  the  latter  is  moreover  stated  to  be  tentaculated,  and  that  of 
Ast,  galaxea  to  be  non-tentaculated  (Lesueur,  op,  cit,  p.  285).  Under 
these  circumstances  it  would  be  unadvisabie  to  adopt  Aat,  siderea  as 

*  See  Sir  R.  I.  Murchison's  work  on  the  Silurian  System,  p.  688,  pi.  16.  fig.  6. 
f  Contult  the  figure,  pL  49.  fig.  2,  of  Ellis  and  Sol,  or  Lamouroux,  Expos. 
Method. 
t  M^m.  du  Museum,  t.  ri.  p.  286,  pi.  16.  fig.  14. 
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the  type  of  the  group.  Ait,  Sid.  cactus  was  removed  to  Pavonia  by 
Ehrenberg,  who  obtained  living  specimens  in  the  Red  Sea  {loc.  cit.), 
on  the  borders  of  which  Forsk&l  procured  the  coral  originally,  but  in 
a  semi-fossil  state*  (De  Bl.  p.  370). 

j4st.  galaxea  is  a  well-known  coral,  and  the  animal  has  been  de- 
scribed by  Lesueur  (op.  cit.  p.  285,  pi.  16.  fig.  13),  who  also  states 
that  Ellis  and  Solander's  figure  (tab.  47.  ^^.  7,  or  Lamx.)  is  "tr^ 
bien  faite."     More  than  one  species  of  possibly  distinct  genera  have 
however  been  included  under  the  term  A.  Sid.  galaxea.  Lesueur  states 
that  his  West  Indian  coral  is  non-tentaculated,  whereas  MM.  Quoy 
and  Gaimard  have  referred  to  the  same  specific  name  a  New  Holland 
zoophyte  found  by  themselves,  the  polypes  of  which  had  apparently 
white  tentaculesf.     Specimens  supplied  by  an  experienced  London 
dealer  in  natural  history  as  Aat.  galaxea,  and  which  differed  not  to 
the  unassisted  eye  from  Ellis  and  Solander's  figure,  afforded  the  fol- 
lowing structures.    Small  abdominal  cavities  of  variable  form,  having 
at  the  base  a  bladder-like  lamina  or  a  series  of  minute  projections : 
lamellse  numerous,  knife-shaped,  frequently  but  not  regularlv  grouped 
in  threes,  edges  serrated ;  in  their  outward  range  the  lamellae  of  ad- 
jacent cavities  sometimes  unite  and  constitute  apparently  continuous 
plates :  spaees  between  them  crossed  by  roundish  bars  which  divide 
the  inteirals  into  a  quadrangular  network,  the  meshes  penetrating 
deeply  downwards ;  where  the  lamellse  of  adjacent  cavities  coincide, 
the  bars  assume  the  appearance  of  a  continuous  hue ;  but  where  the 
plates  are  disconnected,  there  is  often  a  crenulated  structure.     In  a 
vertical  section,  the  lamellse  present  broad,  perpendicularly  continuous 
plates  imperforated  except  towards  the  axis  of  the  coral ;  but  they  are 
beset  with  longitudinal  rows  of  large  papillae,  the  broken  extremities 
of  the  bars,  and  they  are  occasionally  crossed  by  delicate  irregular 
laminse,  the  fracturea  edges  of  the  bladder-like  structure.     The  cen- 
tral axis  is  nearly  solid,  and  composed  of  the  union  of  the  broadest 
lamellse ;  the  whole  interior  of  the  cavity,  except  that  occupied  by  the 
hving  digestive  organs,  being  traversed  vertically  by  lamellae  and  cross- 
wise by  the  bars.     The  young  stars  are  wholly  produced  in  the  net- 
work without  the  area  of  the  mature.     A.  carefhl  comparison  of  these 
characters  with  the  structures  of  Ehrenberg' s  Astrate  or  Favia  will 
lead  to  the  conclusion  that  Siderastraa  galaxea  may  be  assumed  as 
^e  type  of  a  true  genus ;  and  the  compiler  of  these  memoranda  has 
long  possessed  another  well-distinguished  species.     It  is  not  possible 
to  compare  the  leading  component  parts  of  the  recent  coral  with 
those  of  the  twenty-eight  fossil  species.     Siderastrrea  cristata  has 
similarly  papillated  lamellae  (consult  Goldf.  pi.  22.  fig.  8c),  but  the 
amegate  of  structures  appears  to  be  different,  while  in  Sid.  clathrata 
(&>ldf.  pi.  23.  f.  1)  there  is  no  resemblance  whatever.     Confining 
the  attention^  however,  to  Ast.  or  Sid.  alveolata  (Goldf.  pi.  22.  f.  3), 

*  Ehrenberg  describes  the  animal  as  wanting  tentacula  (loc.  eit.);  and  Mr. 
Dana,  in  his  account  of  Pavonia,  states,  that  "  when  alive  and  expanded,  the  ten.- 
tacules  appear  as  mere  inflations  of  the  exterior  membrane  around  each  polype 
nxmtb,  and  are  extremely  short.'' — Expl.  Exped.,  Zoophytes,  p.  320, 

t  Milne-Edwards,  2nd  Ed.  Lamarck,  t  ii.  p.  418, 
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it  will  be  found  that  the  resemblance  is  limited  to  additional  caTities 
being  in  each  case  interpolated,  with  an  occasional  union  of  lamellse 
in  their  outward  extension.  The  latter  structure  presents  in  the  fossil 
species,  instead  of  thin  plates,  with  a  deep,  open,  intermediate  net- 
work, broad,  rounded  ridges  in  close  contact  (Goldf.  fig.  3  a)  ;  and 
there  is  necessarily  a  total  absence  of  intervening  textures ;  the  area 
of  the  abdominal  cavity  also,  in  place  of  being  contracted  by  extensions 
of  numerous  lamellee,  is  but  slightly  encroached  upon,  and  the  bottom 
of  the  cavity  has  apparently  a  uniform  composition.  The  comparison 
cannot  be  extendea.  In  these  structures  however,  Sid.  alveolata 
agrees  perfectly  with  the  lower  greensand  fossil,  and  the  latter  is 
consequently  to  that  extent  equally  distinct  from  Sid,  galaxea.  If 
the  internal  composition  of  the  recent  coral  be  considered  with  refer- 
ence to  that  of  the  Atherfield  zoophyte,  great  dissimiUtudes  will  be 
evident.  The  lamellae,  instead  of  being  thin  throughout  and  appa- 
rently simple,  solid  plates,  are  in  the  fossil,  as  already  stated,  broad 
(fig.  1 2'*'),  and  are  internally  cellular,  and  necessarily  without  separated 
sides  beset  with  papillae :  tne  abdominal  cavity  again,  in  lieu  of  being 
progressively  occupied  by  numerous  vertical  lamellae  united  in  the 
centre  of  the  area  into  a  soUd  axis,  is  penetrated  to  a  limited  extent 
by  only  four  attenuated  lamellae-edges,  and  is  successively  crossed  by 
laminae  of  variable  transverse  range  and  curvature,  without  a  trace  of 
an  axis.  These  diiferences,  it  is  conceived,  fully  justify  the  conclusion 
that  the  fossil  under  examination  is  not  a  Siderastraa,  and  it  b  be* 
lieved  that  M.  Groldfuss's  coral  possesses  a  similar  generic  composition. 

iii.  It  is  not  necessary  to  dwell  even  generally  upon  the  established 
recent  and  fossil  groups,  which  resemble  the  lower  greensand  zoophyte 
in  being  aggr^ated  and  many-lamellated ;  also  in  having  the  abdo- 
minal cavities  crossed  by  laminae  without  a  continuous  vertical  axis, 
likewise  in  having  additional  stars  developed  in  the  interspaces ;  as  in 
only  one  instance,  the  Cvathophora  of  M.  Michelin,  b  there  such  a 
combination  of  structural  agreements  as  to  warrant  a  detailed  com- 
parison. 

M.  Michelin  states  that  Cyathophora  Riehardif  consists  of  aggre- 
gated polygonal  tubes  divided  by  diaphragms ;  the  stars  deep^  subpo^ 
hgonal,  radiated  to  a  small  distance,  and  the  margin  thick.  He  adds, 
that  the  lateral  lamellae  are  little  visible,  though  numerous,  resembling 
striae ;  and  that  the  plates  in  the  terminal  star  cover  scarcely  half  the 
surface  of  the  last  transverse  lamina.  His  figure  1  a  represents  a 
considerable  diversity  of  range,  inclination  and  curvature  in  the  plates 
which  cross  the  cavities ;  but  neither  the  description  nor  the  illustra- 
tions afford  any  information  respecting  the  composition  of  the  lamellae, 
or  of  the  spaces  between  the  abdominal  receptacles ;  there  is  also  no 
allusion  eitner  in  the  generic  or  specific  notice  to  the  mode  of  deve- 
loping youn^  *'  tubes,  but  the  small,  round  depression  in  figure  1  i 
indicates  an  interpolated  origin. 

In  attempting  to  compare  these  characters  with  the  structures  of 
the  lower  greensand  fossil,  it  must  be  mentioned  that  weather-wom 

t  Iconographie  Zoopbytologique,  p.  104,  pL  24.  fig.  I  a,  lb,  1844? 
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or  abimded  portums  of  the  latter  showed  as  little  of  the  real  nature  of 
the  intervals  between  the  visceral  cavities,  as  the  delineations  in  the 
'  Icx>nographie  Zoophytologiane ;'  and  such  surfaces  would  not  excite 
even  a  suspicion  that  certain  lamellae  ranged  from  one  star  to  another, 
or  that  they  were  cellular.  The  transverse  laminae  in  the  vertical 
delineation  of  the  French  coral  {op.  tit.  pi.  26.  fig  1  a)  differed  in 
dimension  only  from  those  shown  in  cut  sections  of  the  Atherfield 
fmsil  {fi^.  13),  and  the  vertical  edges  of  the  lamellae  are  about  as  di- 
stinctly marked  in  fig.  1  a  (pp.  cit.)  as  in  weathered  internal  portions  of 
lower  greensand  specimens.  The  rays  faintly,  and  no  doubt  faithfully 
represented  in  M.  Michelin's  figure  1  5,  are  more  numerous  than  in 
the  English  species,  but  they  are  possibly  not  thinner  than  the  four 
attenuated  edges  already  mentioned;  it  is  moreover  impossible  to 
sarmise  what  might  be  the  number  of  converging  plates,  or  the  amount 
o£  range,  under  particular  conditions  of  growth.  The  lamellae  of 
Heliopora  earulea  are  almost  rudimentary  during  the  upward  deve- 
lopment of  the  abdominal  cavity,  but  on  the  latter  attaining  appar 
rently  its  final  extension,  they  stretch  across  the  whole  area,  meetmg 
in  the  centre.  M.  CroldAiss  says  that  from  six  to  eight  plates  of 
jist.  alveolata  project  beyond  the  others ;  but  the  ed^  are  blunt, 
£rom  abrasion  probably,  the  usual  state  of  those  in  Atherfield  speci- 
mens.  The  number  of  protruded  lamellae,  as  well  as  the  relative 
amount  of  range  under  equal  stages  of  growth,  should  however  be 
regarded  only  as  specific  distinctions,  and  in  nowise  opposed  to  generic 
identity.  Additional  cavities  within  the  circuit  of  the  English  fossil 
were  invariably  intenpolated ;  and  such  was  most  probably  the  case  in 
the  French  coral.  Tne  agreements  just  noticed  are  few ;  nevertheless, 
in  Cyathophara  Bichardi  no  structure  has  been  detected  which  does 
not  exist  in  the  British  zoophyte.  It  is  therefore  proposed  to  adopt 
provisionally  M.  Michelin  s  generic  name  with  the  specific  term 
eleganMy  that  the  connexion  with  the  original  announcement  in  the 
Quarterly  Journal  of  the  Greological  Society  may  be  evident.  Should 
however  palaeontologists  hereafter  show  tliat  the  French  coral  differs 
in  the  unascertained  portions  from  the  English,  it  is  suggested  that 
the  latter  might  be  designated  Holocystis  (6\os,  iotus,  kvotu,  vencu), 
from  its  being  wholly  composed  of  bladder-like  cells.  In  a  systematic 
arrangement,  the  genus,  by  whatever  name  it  may  be  distinguished, 
should  be  totally  removed  from  the  family  or  order  in  which  Astraea 
is  placed,  and  assigned  to  that  whidi  contains  the  many-lameUated, 
non-fissiparous  groups. 

CyATHOPHORA?  ELE6AN8,  U.  Sp. 

(Plate  IV.  fig.  12  to  15.) 

Spec.  char. — Incrusting,  also  hemispherical,  globular  or  amorphous ; 
abdominal  cavities  small,  very  numerous,  polvgonal  or  circular, 
margin  not  raised;  interior  of  cavities  formea  of  lamellae-edges; 
bottom  of  cavities  a  slightly  convex  lamina,  inferior  or  deserted 
portion  occupied  by  transverse,  irregular,  bladder-like  cells:  in- 
terspaces between  the  cavities  narrow,  composed  of  outward  exten- 

g2 
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sions  of  lamellae:  lamellse  tbicl^,  four  markedly  prominent,  dividing 
the  cavity  to  a  limited  extent  into  four  equal  parts ;  three  inter- 
mediate lamellae,  the  middle  one  projecting  slightly ;  perfect  edges 
within  the  abdominal  cavities  attenuated,  casts  of  ed^es  blunt ; 
crest  of  lamellae,  where  preserved,  sharp,  casts  obtuse ;  lamellae  of 
adjacent  cavities  sometimes  confluent;  sides  in  contact;  interior 
composed  of  smaU  bladder-like  cells :  young  cavities  developed  at 
the  junction  of  lamellae  belonging  to  two  or  more  cavities. 

Dr.  Fitton  describes  the  Pema  beds  of  the  Atherfield  section  as 
varying  from  dark  blue  sandy  play,  or  mud,  to  greenish  sand ;  and 
the  upper  bed  from  which  Cyath.  1  elegans  was  obtsdned,  as  differing 
chiefly  in  compactness  and  durabiHty  *.  To  the  originally  loose  con- 
dition of  the  deposit,  the  variations  in  form  presented  by  the  series 
of  specimens  may,  it  is  conceived,  be  chiefly  ascribed.  When  the  germ 
settled  upon  a  Pema  or  a  large  fragment  of  a  shell  not  easily  over- 
turned, the  lateral  expansion  was  great  compared  to  the  upper  growth. 
In  the  Museum  of  the  Geological  Society  is  an  encrusting  specimen 
presented  by  Mr.  Simms,  F.&.S.,  which  measures  3^  inches  in  one 
oirection  and  2  J  in  the  other,  while  the  vertical  height  in  the  centre  was 
apparently  limited  to  about  §rds  of  an  inch.  On  the  contrary,  where 
the  base  was  small,  the  coral  assumed  more  or  less  rapidly  an  hemi- 
in)herical,  globular  or  oval  contour.  In  the  first  of  these  forms  the 
shape  may  be  readily  ascribed  to  the  arenaceous  nature  of  the  bed  on 
which  the  specimen  rested,  and  which  did  not  allow  of  a  lateral  ex- 
tension ;  while  the  nearly  globular  or  oval  examples  evidently  owed 
their  configuration  to  a  complete  or  parti^  inversion,  which  permitted 
the  living  margins  to  extend  over  the  previous  base  more  or  less  per- 
fectly. In  such  cases  the  soft  portions  of  the  reversed  surfaces  must 
have  perished,  and  proofs  of  such  partial  destructions  were  exhibited 
in  many  instances.  In  one  case  a  Hmited  area  presented  a  rugged 
aspect,  the  roughness  arising  clearly  from  the  animal  of  that  part 
having  been  killed  during  the  formation  of  a  series  of  cells ;  and  the 
adjacent  living  polype-matter  had  been  prevented  from  extending 
afterwards  ftifly  over  the  dead  surface,  in  consequence,  it  is  conceived, 
of  the  latter  having  been  immersed  in  sand  or  mud.  A  weathered  or 
abraded  area  is  easily  distinguished  from  such  an  exterior  by  its  uni- 
form smoothness.  Amorphous  masses  plainly  resulted  from  success- 
ive interferences  with  development,  and  probably  from  an  imbedding 
more  or  less  deeply  in  sediment.  In  all  these  cases  Cyath,  ?  elegatu 
exhibits  a  similar  tendency  to  marginal  expansions,  limited  or  modi- 
fied in  direction  by  the  extent  of  the  body  on  which  the  germ  origi- 
nally settled,  and  the  nature  of  the  bed  on  which  the  subsequent 
specimen  rested,  as  well  as  the  liabiHty  to  be  displaced  by  waves ;  but 
there  is  an  obvious  effort  to  assume  an  hemispnerical  contour,  when 
the  base  was  small,  and  thence  one  more  or  less  globular.  In  these 
respects  the  fossil  agrees  with  Siderastraa,  Jatrtea,  Mtandrina  and 
other  existing  corals,  provided  with  a  creeping  or  downward  expand- 
ing, proUferous  mantle ;  by  which  the  edge  of  a  specimen  is  constantly 

»  Quart.  Joum.  of  the  Geological  Society  of  London,  vol.  iii.  p.  294,  Aug.  1847. 
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brought  in  close  contact  with  the  subjacent  surface,  and  inverted 
portions  on  being  re-exposed  are  oyerUud.  On  the  contrary,  through- 
out the  fine  series  submitted  to  examination,  not  the  least  attempt  was 
detected,  under  any  irregularity  of  growth,  to  assume  a  turbinated 
outline,  with  a  large  pedicle,  surrounded  by  a  solid  lamina — a  mode 
of  growth  characteristic  of  Ehrenberg's  ManiciTia,  a  dismemberment 
from  Meandrina;  also  of  some  fossil  Anthozoa;  and  due,  in  the  former 
case  at  least,  to  the  edge  of  the  mantle  being  free  and  inclined  up- 
wardsf. 

Of  the  earliest  plan  of  development,  or  from  a  single  germ,  no  in- 
stance was  observed ;  nor  of  a  state  resembling  that  which  in  some  re- 
cent and  extinct  genera  distinguishes  the  period  when  the  coral  natu- 
rally ceased  to  increase  in  part  or  wholly^.  The  specimens  gene- 
rally varied  in  diameter  from  about  1  to  rather  more  than  3  inches ; 
the  largest  was  an  amorphous  mass  nearly  4  inches  high,  3^  wide, 
and  2i  thick. 

The  original  substance  of  the  coral  was  rarely  preserved  on  the 
exterior ;  but  in  two  beautiful  examples  belonging  to  the  Greological 
Society's  Museum,  one  of  which  was  obtained  by  Dr.  Fitton  at  the 
Red  Hill  cutting  near  Reigate(fig.  14),  it  prevailed  over  the  whole  sur- 
face, and  presented  a  uniformly  opake-white  laver.  In  polished  sec- 
tions of  the  interior  it  constantly  occurred  under  the  form  of  opake, 
whitish  laminae ;  generally,  however,  the  specimens  displayed  externally 
broad,  rounded  casts  (fig.  12*),  in  brown  calcareous  spar,  of  the 
inner  surface  of  the  original  layer,  in  those  cases  in  which  the  deve- 
lopment of  a  set  of  structures  had  been  completed  previously  to  de- 
struction ;  but  in  those  in  which  that  event  happened  while  tne  work 
was  in  progress,  the  surface  gave  casts  of  narrow  ridges  with  interme- 
diate hollows  or  furrows  (fig.  15). 

The  area  of  mature  abdominal  cavities  rarely  exceeded  a  line  in 
diameter,  and  was  often  less,  measuring  from  the  lateral  union  of  the 
lamellse ;  while  that  of  the  simple  stomach-sac,  marked  by  the  in- 
terval between  the  edges  of  the  four  projecting  plates,  was  about  half 
a  line.  The  greatest  depth  of  the  cavity,  so  far  as  could  be  ascer- 
tained, was  also  one  line.  The  shape  was  irregular,  but  a  rounded 
outline  prevailed,  the  periphery  being  defined  by  the  sidewise-united 
lamellee,  without  a  trace  of  a  distinct  lining.  The  laminae  forming 
the  base  of  the  cavity  were  apparently  concave  or  uneven,  judging 
from  the  casts ;  and  a  similar  character  was  shown  in  vertical  sec- 
tions. Beneath  the  last-occupied  abdominal  space,  prominently  de- 
fined in  purposely-exposed  interiors  by  a  series  of  notches  (^g,  13), 
occur  numerous  curved  laminae,  forming  a  complicated  cellular  struc- 
ture, which  is  sometimes  traversed  perpendicularly  by  the  edge  of  a 
projecting  lamella.     The  whole  downward  range  of  these  deserted 

t  Ehrenberg,  Beitrage,  p.  101.  For  clear  delineations  of  the  mode  of  growth 
among  recent  species,  consult  SoL  and  Ellis,  or  Lamouroux,  tab.  47.  fig.  4  and  5, 
tab.  51.  fig.  1 ;  also  Esper,  Pflauzenthiere,  Madrepora,  tab.  4 :  and  among  fossil 
corals,  see  M.  Michelin,  Tconog.  Zoophytol.  pi.  44.  fig.  9a,  pi.  51.  flg.  1  and  4, 
pi.  54.  fig.  9,  pi.  68.  fig.  4,  and  pi.  70.  fig.  I  a  and  4  a. 

t  Quart.  Joam.  of  the  Geological  Society  of  London,  vol.  i.  p.  498-499,  1845. 
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abdominal  areas  was  Tery  rarely  exhibited,  in  consequence  of  the  in- 
tersections being  necessarily  more  or  less  obliqne ;  and  it  was  fre« 
quently  obscm^,  especially  towards  the  lower  part  of  the  specimen 
figoreo,  by  the  intervention  of  portions  of  lamelbe  with  a  sdll  more 
intricate  cellular  composition.  The  sides  of  the  cavities  sometimes 
presented  traces  of  a  vertical  waU,  or  a  nearly  even  plate,  the  at- 
tenuated edge  possibly  of  a  lamella ;  but  the  boundary  consisted  very 
often  of  curvea  laminee,  belonging  clearly  to  the  cells  which  formed 
the  body  of  the  lamellae.  Occasionally  (fig.  13(*))  a  cavity  displayed 
proofs  of  the  polype-membranes  having  b^n  lacerated*  and  for  a  time 
mtermingled,  the  side-structure  being  for  a  limited  distance  defectiye 
or  wanting,  and  the  transverse  laminae  apparently  extended  into  the 
lamellated  area.  Other  instances  of  abnormal  development  were 
noticed.  ^ 

In  considering  the  characters  of  the  lamellse,  the  perfect  exteriors 
first  claim  attention.  The  beautiful  specimen  from  Red  Hill  (^.  14) 
already  mentioned,  and  another  equally  fine,  presented  to  the  Geolo- 
gical Socie^  by  Mr.  Warburton  or  Mr.  Austen,  if  hastily  compared 
with  Atherneld  casts,  might  be  regarded  as  specifically  distinct.  The 
outline  of  the  component  structures,  inst^  of  being  broad  and 
rounded,  was  relatively  narrow  and  crested,  with  more  or  less  of 
interspace ;  but  the  number  of  the  lamellse  as  well  as  their  detailed 
arrangement  was  similar  in  each  case ;  a  part  also  of  the  Red  Hill 
specimen,  slightly  abraded,  exhibited  a  considerable  increase  of 
breadth.  The  whole  exterior  of  the  perfect  coral-layer  wps  rugose 
or  papillated ;  and  the  surface  of  the  portion  on  the  sides  of  the 
abdominal  cavities  vnis  minutely  perforated.  That  no  specific  dif- 
ferences existed  between  these  specimens  and  those  found  at  Ather- 
field  will,  it  is  hoped,  be  established  by  the  foUowiog  statements. 
A  Peasemarsh  coral  (fig.  15),  found  by  Mr.  Austen,  preserved  also 
its  original  substance ;  but  the  structure  vnis  in  an  immature  state, 
presenting  narrow  ridges  and  hollows,  the  animal  having  been 
destroyed  while  a  probably  periodical  addition  was  in  progress. 
The  ndfies  bore  the  semblance  of  ordinary  lamellse ;  but  some  of 
those  which  had  been  accidentally  broken  showed  that  they  were 
not  portions  of  vertically  continuous  plates,  the  subjacent  exposed 
substance  consisting  of  pale  brown  cslcareous  spar ;  and  fractured, 
attenuated  edges  of  prominent  kmellse,  subdivided,  where  the  thick- 
ening commenced,  into  two  plates,  which  diverged  to  the  right  and 
left.  The  ridges  therefore  must  not  be  regarded  as  simple  £unell«, 
similar  to  those  which  occur  in  Siderasirtta  galuxea ;  nor  must  the 
intermediate  depressions  be  considered  the  equivalents  of  the  qua- 
drangular network  in  that  coral ;  the  whole  presenting  Uie  rudiments 
of  a  fabric,  and  not  a  perfected  construction,  as  in  the  recent  species. 
An  Atherfield  specimen,  eiven  to  the  Geol(^cal  Society  by  Mr.  War- 
burton,  exhibited  casts  of  a  perfectly  similar  structure  to  that  of  the 
Peasemarsh  example ;  and  a  comparison  of  it  with  an  equally  im- 
mature portion  of  one  of  the  broad  casts  from  the  former  locality, 
proved  that  the  three  compositions  were  essentially  identical.  Inter- 
mediate stages  between  the  condition  exhibited  by  the  Peasemarsh 
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fossil  and  the  perfected  exterior  of  that  found  at  the  Red  Hill  cut- 
ting were  not  observed ;  but  wherever  the  original  coral-layer  had 
beea  acddentall/  removed  from  the  crests  of  the  latter,  the  sub- 
jacent substance  consisted  of  brown  calcareous  spar>  resembling  that 
alluded  to  in  the  remarks  on  Mr.  Austen's  specimen ;  and  in  both 
cases  a  fine  lamina  could  frequently  be  detected  in  the  spar,  not 
ranging  in  the  direction  of  the  crest,  but  transversely  or  obliquelv  to 
it.  The  broad  lamellse-casts  (fig.  12*)  often  displayed  a  slightly 
raised  line,  moulded  clearly  in  the  crest  of  the  "perfect  external  layer ; 
and  the  whole  surface  was  minutely  indented  or  pitted ;  but  it  would 
be  difficult  to  infer  from  it,  or  even  from  abraded  portions,  without 
other  aid,  the  actual  composition  of  the  lamellse.  Nearly  vertical 
sections  (fig.  13)  afforded  however  the  requisite  evidence.  By  con- 
necting ihe  surface-ridges  with  the  projections  between  the  vacant 
abdominal  cavities,  it  was  manifest  the  structure  of  the  projections 
must  be  that  of  the  ridges,  and  the  section  proved  it  to  be  irregularly 
cellular.  The  breadth  (^  these  lamellated  interspaces,  as  well  as 
their  characters,  varied  greatlv  on  account  of  the  exposed  surface  sel- 
dom passmg  through  equivalent  areas,  or  through  similar  portions 
of  a  lamella.  Sometimes  a  single  series  of  cells  or  arched  laminae 
indicated  that  the  cutting  passed  through  only  one  of  the  surface- 
ridges  ;  but  generally  the  space  included  two  or  more  irregular,  ver- 
tical rows,  marking  the  intersection  of  an  equivalent  number  of  ribs 
or  lamellae.  The  boundary  between  the  series  was  seldom  well-de- 
fined, consisting  chiefly  of  curved  downward  extensions  of  the  laminae 
forming  the  top  of  the  cell ;  and  it  agreed,  therefore,  with  that  of 
abdominal  cavities.  The  ceUs  varied  greatly  in  form,  size  and  posi- 
tion, and  it  was  often  difficult  to  trace  the  complete  contour ;  but 
the  component  element  was  clearly  an  arched  plate ;  and  the  changes, 
whether  in  outline,  dimensions  or  situation,  were  only  such  as  would 
naturally  result  from  the  secreting  membranes  having  been  success- 
ively produced  as  the  coral  extended  upwards.  These  cells  were  ma- 
nif^y  the  hollows  of  the  Peasemarsh  specimen  covered  over ;  and 
the  irregular  maimer  in  which  they  were  often  piled  on  each  other 
would  account  for  the  complete  fiUing-up  between  the  crests  of  the 
perfected  exterior.  That  the  crests  themselves  were  not  detected  in 
the  sections,  was  ascribed  to  not  an  instance  being  observed  of  a  di- 
rectly transverse  intersection  of  a  lamella.  Within  the  cells  frequently 
occurred  subordinate,  thinner  laminae,  not  referable,  it  was  conceived, 
to  dislocated  fragments,  but  they  bore  the  semblance  of  a  secondary 
structure  more  or  less  produced  within  the  primary.  In  some  recent 
corals,  as  the  Dendrophyllia  ramea  of  M.  de  Blainville,  a  considerable 
fiUing-up  is  effected  in  the  area  of  the  abdominal  cavity  not  imme- 
diately  occupied  by  the  stomach-sac.  The  two  cases  are  not  strictly 
analogous ;  nevertheless  the  animal  matter  which  occupied  the  celu 
in  Cyathophora  ?  elegans  was  doubtlessly  nourished  by  the  digestive 
organs,  so  long  as  they  occupied  a  position  to  afford  support  to  a 
given  vertical  area ;  and  in  addition  to  the  minute  pores  iu  the  sides 
of  the  cavities,  the  Peasemarsh  specimen  showed  that  the  partitions 
between  successive  cells  were  also  finely  pimcturcd,  affording  addi- 
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tional  means  for  transmitting  su[^rt  and  calcareous  matter  through- 
out the  whole  of  the  living  portion  of  the  polype.  From  the  foregoing 
statements  it  is  inferred,  that  the  narrow  crested  lainellse  are  only  the 
perfect  external  state  of  the  broad-ribbed  casts,  and  that  the  lamellae 
are  strictly  cellular  bodies.  A  notice  on  the  composition  of  that 
structure  generally  would  occupy  yery  many  pages;  but  attention 
may  be  called  to  three  dififcrent  examples.  In  an  appendix  to  Sir 
E.  I.  Murchison's  work  on  the  Geology  of  Russia*,  instances  of  a 
bi-plated  composition  are  mentioned;  Mr.  Dana  alludes  to  hollow 
lamellae  in  his  description  of  Ast.  Orbicella  curia f ;  and  Prof.  Gold- 
fuss,  in  his  delineations  of  the  Astraa  explanata  of  Count  Munster^, 
exhibits  a  curiously  catenated  character.  The  intimate  construction 
of  lamellae  deserves  the  careful  study  of  competent  physiologists,  and 
it  is  conceived  that  it  will  be  found  of  great  value  in  attempting  to 
establish  generic  and  specific  distinctions. 

The  plan  of  producing  additional  cavities  for  digestive  organs  re- 
mains to  be  noticed.  Respecting  marginal  developments,  no  satis- 
factory cases  were  observed  of  immature  states ;  the  boundaries  of 
the  lateral  extensions  presenting  a  smooth,  soHd  edge  (fig.  1 2),  indi- 
cative  of  the  aomnal  having  been  impeded  in  its  operations,  and  having 
completed  its  structures  previous  to  death.  Some  of  these  visceral 
hollows  were  also  small,  as  if  sufficient  room  had  not  been  afforded 
for  a  normal  construction ;  one  of  the  characteristics  of  such  cavities 
being  an  area  of  full  or  mature  dimensions  at  every  stage  of  formation, 
whenever  adequate  space  exists.  Of  young  interpolations  many  ex- 
amples were  noticed.  The  Red  Hill  cutting  specimen  afforded  a 
good  instance  of  an  early,  but  not  the  first  condition  (fig.  14).  It 
was  surrounded  by  matiu^e  hollows ;  the  form  was  almost  quadrangu- 
lar, the  width  about  half  a  line ;  and  the  lamellae,  so  far  as  could  be 
ascertained, — some  having  been  broken, — ^had  been  equally  developed 
on  all  sides,  with  indications  of  four  projecting  beyond  the  rest.  Near 
that  case  was  another  rather  more  advanced,  the  size  being  greater 
and  the  lamellae  more  numerous.  Many  similar  productions  occurred 
in  the  same  specimen  as  well  as  among  the  broad  Atherfield  casts 
(fig.  12),  allowance  being  made  for  different  states  of  preservation. 
In  all  cases  the  relative  degree  of  development  was  about  equal  around 
the  interior  of  the  young  cavity ;  and  the  adjacent  mature  hollows 
did  not  display  any  defect  on  the  side  next  the  interpolation ;  whereas 
in  fissiparous  processes  the  lamellae  in  early  stages  are  rudimentary 
along  the  line  of  partition,  as  respects  both  the  parent  and  the  severed 
offspring,  but  elsewhere,  in  each  case,  of  full  dimensions.  Twin  pro- 
ductions were  not  uncommon.  They  resembled  a  long  incipient  hol- 
low divided  about  the  middle,  each  cavity  being  similar  in  size  and 

♦  Vol.  i.  App.  A.,  art.  SlylastrtBa  inamferta,  p.  621-622, 1845.  Count  Kcy- 
serling  in  his  work  on  the  Petschora-Land,  dissents  from  the  bi-plated  structures 
mentioned  in  the  notice  of  that  coral ;  but  the  author  begs  to  adhere  to  his  ori- 
ginal statement  ( Wisseuschaftliche  Beobachtungen  auf  einer  Reise  in  das  Petschora- 
Land,  p.153,1846). 

t  Exploring  Expedition,  Zoophytes,  p.  209-210 ;  consult  also  p.  53, 1846. 

X  Pctrefacten,  vol.  i.  p.  112,  pi.  38.  fig.  14  «,  *. 
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structural  deTelopment.  All  the  interpolations  of  Cyatkophorat 
tlegans  clearly  originated  in  the  hemispherical  or  radiating  mode  of 
growth,  by  which  greater  interspaces  were  produced  than  accorded 
with  the  ordinary  range  of  the  cellated  lamellae.  At  the  incipient 
points  that  structure  apparently  ceased  to  be  formed  continuously, 
and  a  small  area  was  the  result,  surrounded  by  the  edges  of  a  rery 
limited  number  of  parted  lamellae.  Even  in  this  earhest  state, 
therefore,  the  essential  parts  of  a  cavity  existed,  and  could  be 
supported  without  the  aid  of  a  new  digestive  apparatus,  the  com- 
ponent structures  being  portions  of  the  adjacent  mature  hollows 
and  nourished  by  them.  As  the  old  lamellae  extended  upwards,  the 
young  receptacle  deepened  and  widened,  and  became  fit  to  contain  its 
own  alimentary  organs,  and  thereby  add  to  the  framework.  This 
manner  of  production  explains  why  some  lamellae  may  extend  com- 
pletely between  two  adjacent  cavities,  and  the  remainder  have  only 
a  limited  range.  In  Siderastr€ea  galaxea  the  interpolating  process 
is  modified  in  conformity  with  the  peculiarities  of  the  coral.  The 
mature  abdominal  hollows  are  separated  by  somewhat  broad  and 
raised  interspaces,  and  the  first  signs  of  an  additional  one  is  a  shallow 
depression,  due  apparently  to  a  suspension  of  calcareous  secretions. 
In  that  state  no  new  laminae  are  visible ;  the  bottom  and  sides  of  the 
tittle  concave  area  being  composed  of  smooth  plates  and  transverse  bars 
belonging  to  the  quadraneular  network ;  but  in  a  slightly  advanced 
stage,  finely  attenuated  additions  had  been  made  to  the  edges  of  the 
former,  so  far  as  they  bordered  the  sides  of  the  cavity,  whereby  they 
assumed  a  decidedly  lamellated  character ;  while  in  other  cases,  which 
exhibited  a  little  further  progress,  similar  plates  had  acquired  the 
form  and  disposition  of  converging  lamellae,  with  a  small  central 
axis ;  the  young  hollow  resembling  a  diminutive  mature  one ;  and 
the  early  pierfecting  of  the  star  accords  with  the  general  structure  of 
the  cord.  Another  mode  adapted  to  the  peculiarities  of  the  case  is 
exhibited  by  a  pol3rparium  resembling  Ellis  and  Solander's  figure 
of  AHraa  pleiades  (tab.  53.  fig.  7,  8),  but  which  does  not  strictly 
coincide  vrith  the  descriptions  of  that  species,  or  any  other  known  to 
the  author  of  these  memoranda.  The  interspaces  however  are  more 
or  less  concave,  and  traversed  by  outward  extensions  of  the  lamellae, 
generally  attenuated,  and  often  curved ;  they  occasionally  present 
also  distinct,  prominent  papillae,  and  the  base  is  an  apparently  con- 
tinuous solid  plate.  In  this  case,  the  bottom  of  the  interval  being 
below  the  margin  of  the  stars,  no  preparatory  depression  was  requi- 
site ;  and  the  first  indication  of  an  incipient  cavity  is  an  irregular 
convergence  of  thin  laminae,  issuing  from  the  edges  of  the  old  lamellae, 
with  the  addition  of  others  similarly  slender ;  the  whole  uniting 
in  the  middle  of  the  area  and  presenting  an  imperfect  star :  a  little 
more  advanced  state  has  rays  of  greater  regularity,  a  decidedly  reti- 
culated centre,  and  a  projecting  circular  boundary ;  or  it  exhibits  a 
completely  formed,  small  visceral  receptacle.  In  this  coral,  as  in  the 
preceding,  the  lamellae  occupy  to  a  great  extent  the  interior  of  the 
cavity,  and  are  therefore  primarily  developed ;  no  particular  depres- 
sion nowever  is  prepared,  out  a  boundary  is  constructed  ;  the  former 
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not  being  necessary  in  this  instance,  nor  the  latter  in  Siderastraa 
galaxea,  which  has  interspaces  unifortbly  on  a  level  with  the  margin 
of  the  abdominal  hollows.  A  third  example  may  be  mentioned,  as  it 
occurs  in  a  coral  the  visceral  receptacles  of  which  have  no  central 
structure  during  growth,  and  only  rudimentary  lamellae  while  in  that 
condition.  The  Heliopora  carulea  of  M.  de  Blainyille  possesses 
considerable,  uniformly  level  intervals  formed  of  minute,  continuous 
tubes  crossed  by  laminse.  The  additional  cavities  occur  almost  wholly 
towards  the  upper  extremity  of  the  foliations  or  lobes,  but  they  are 
decidedly  formed  in  the  intermediate  composition.  The  first  indica- 
tion is  a  shallow,  irregular  depression,  due  probably  to  a  natural  dis* 
ruption  of  the  tissues  which  had  previous! v  fabncated  the  tubuli. 
The  little  area  is,  apparently,  soon  modeled  into  a  circular  shape ; 
and  the  slightly  projecting  perpendicular  plates,  which  would  have 
formed  the  sides  of  minute  tubes,  had  no  breaking-up  of  mem- 
branes occurred,  become  the  first-formed  narrow  or  rudimentary 
lamellee.  The  network  at  the  base  of  the  hollow,  arising  from  the 
discontinued  structure,  continues  open  for  a  time,  but  is  ultimately 
covered  by  a  solid  layer,  the  first  of  the  laminee,  by  which  the  area 
is  successively  crossed.  This  is  perhaps  one  of  the  simplest  modes 
by  which  the  operation  is  effected  among  Anthozoa;  all  that  is 
wanted  being  a  mere  receptacle  for  the  stomach-sac. 

The  statements  given  in  a  former  paragraph  respecting  fissiparous 
developments,  as  well  as  those  just  mentioned,  prove  that  in  each  of 
the  two  great  processes,  previously  existing  solid  materials  and  animal 
tissues  are  associated  in  the  young  cavity  with  others  which  are  new, 
and  contribute  towards  its  perfect  formation.  These  combinations 
also  plainly  show,  that  however  the  modes  of  effecting  the  results 
may  differ,  they  are  but  modifications  of  one  plan.  Distinctions 
nevertheless  exist  deserving  the  most  attentive  consideration,  when 
an  attempt  is  made  to  establish  subordinate  groups.  In  bipartitions, 
the  contents  of  only  one  mature  cavity  are  concerned ;  while  in  inter- 
polations those  of  two  or  more  contribute  to  the  task :  again,  in  fis- 
siparous separations  the  additions  are  confined  to  the  dividing  struc- 
ture, and  are  as  necessary  to  the  perfecting  of  the  parent's  composition 
as  to  that  of  the  offspring ;  but  in  the  other  process  old  and  new  la^ 
mellse  or  plates  are  intermingled  throughout  tne  circuit  of  the  young 
area,  and  entirely  confined  to  it.  These  are  obvious  differences,  which 
require  no  skill  in  discovering ;  and  though  the  experienced  physio- 
logist can  alone  appreciate  their  importance,  the  study  of  them  with 
others  of  a  similar  nature  cannot  be  too  earnestly  pursued  by  the 
palfeontologist.  «_«_^__ 

The  next  coral  to  be  considered  was  labelled  ^'Cricopora  ffracilis,^* 
but  without  stating  whether  the  specific  term  had  been  adopted  or 
was  considered  new*.  The  Isle  of  Wight  fossil,  however,  is  clearly 
not  identifiable  with  the  Cric.  gracilis  of  M.  Michelinf,  nor  with 

•  Consult  Dr.  Fitton's  Memoir,  Quart.  Joum.  Gcol.  Soc.  pp.  302, 327*,  vol.  iit. 
Aug.  1847. 
t  Iconographie  Zoophytologique,  p.  4.  pi.  1.  fig.  8. 
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Uic  Ceriopara  gracilis  of  Prof.  Goldftiss*,  r^arded  by  the  former 
ftuthority  as  the  same  coral.  The  English  fosinl  consists  of  slender^ 
forked  branches,  very  numerous  and  closely  aggregated  in  the  spe- 
cunen  examined  (fig.  16).  On  one  side  the  branches  present  large 
ciTcalar  apertures  in  general  irregularly  distributed,  but  sometimes 
arranged  transversely  (fig.  17)  ;  and  now  and  then,  in  consequence  of 
the  occurrence  of  interrupted  vertical  lines,  they  appear  to  be  dis- 
posed in  perpendicular  rows  (fig.  18).  Between  these  large  openings 
are  others  much  smaller,  less  regular  in  form  and  more  numerous, 
oonstitudnff  a  kind  of  reticulation ;  the  two  series  being  easily  di- 
stinguished. On  the  opposite  side  of  the  branches  the  major  aper- 
tures are  wholly  wanting  (fig.  19),  care  being  taken  to  guard  agamst 
deceptive  indentations  produced  by  grains  of  sand ;  and  the  entire 
surface  offers  to  view  a  fine  network  similar  to  that  between  the  vis- 
ceral openings  of  the  direct  front.  The  central  portion  of  the  coral 
is  composed  of  tubes  which  have  a  considerable  downward  range 
(fig.  20),  the  round  apertures  beine  their  surface-terminations ;  and 
beneath  the  general  reticulation,  wnich  forms  an  investing  layer,  mi- 
nate  tubuli  range  horizontally  inwards  (fig.  22). 

Cricopara  was  proposed  by  M.  de  BlainviUe  (Man.  d'Actinol. 
p.  420)  as  an  amended  designation  for  the  Spiropora  of  Lamouroux 
(Exp.  M^hod.  p.  47),  the  apertures  of  the  visceral  tubes  being  dis- 
posed in  circles  around  the  branches,  and  not  spirally :  the  genus  has 
moreover  but  one  description  of  openings,  independent  of  textile 
poresf.  The  surface-characters  alone  therefore  are  sufficient  to  sepa- 
rate the  lower  greensand  fossil  from  Cricopara  as  established  by  M . 
de  BlainviUe ;  and  it  is  not  necessary  to  notice  species  subsequently 
added  to  it.  The  bifold  nature  of  the  apertures  would  suggest  that 
ihe  extinct  coral  under  examination  might  be  an  Heteropora ;  but 
the  visceral  tubes  terminating  only  on  one  side  of  the  branches,  is 
opposed,  in  the  present  state  a(  knowledge,  to  a  generic  identification. 
Tlie  portions  traversed  by  longitudinal  ribs  (fig.  18)  resemble  strongly 
a  fowil  referred  doubtfully  by  M.  Roemer^  to  Chrysaora  of  Lamou- 
roux § .  If  rightly  understood,  figure  29  c?  of  the  former  authority  ex- 
hibits in  the  transverse  section  a  quaquaversal  radiation  of  abdominal 
cavities ;  and  it  is  evidently  a  careful  delineation.  Should  the  infer- 
ence be  correct,  it  would  be  necessary  to  show,  before  a  ^neric  iden- 
tity could  be  admitted  between  the  two  fossils,  that  in  all  other 
essential  particulars  perfect  agreement  exists,  and  that  the  difference 
is  only  specific.  No  doubt  however  can  be  entertained  that  the  En- 
glish extmct  zoophyte  is  not  a  Chrysttora, 

The  only  genus  known  to  the  author  of  thb  notice  which  de- 
mands a  detailed  comparison  with  the  lower  greensand  production,  is 

•  Petre£u:ten,  p.  35,  pi.  10.  fig.  1 1. 

t  Consult  Lamooroiix,  tab.  73.  fig.  19-22,  tab.  82.  figs.  9, 10, 1 1, 12. 

t  Vent.  Norddeatsch.  Kreidegelnrges,  p.  24,  Chrys.  pulehella,  tab.  5.  fig.  29,  a, 

f  Bxpositioti  M^hodique,  p.  83.  Consult  pi.  81.  fig.  6,  7,  and  fig.  8, 9,  for  generic 
external  chanu;ten. 
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the  Homera  of  M.  Lamouroux*,  and  founded  on  a  recent  coral  ob- 
tained by  Tilesins  on  the  coast  of  Kamtchatka.  In  describing  his 
only  species,  Horn,  frondiculata  (he.  cit.  ^p.  41),  M.  Lamouroux 
refers  doubtfully  to  the  Millepora  lichenoides  of  Linnaeus  f,  the 
Millepora  tubipora  of  Ellis  and  Solander^,  and  Lamarck's  Retepora 
frondiculata^  \  but  M.  Milne-Edwards,  in  his  well-known  memoir 
on  the  genus  II,  seems  to  consider  the  whole  three  as  true  synonyms 
of  H.  frondiculata.  How  far  Tilesins*s  coral  is  really  identical  with 
that  of  Linnaeus,  Ellis  and  Solander,  and  Lamarck,  can  be  gleaned 
only  from  Lamouroux's  figures ;  but  if  they  are  correct  delineations, 
that  authority  was  apparently  justified  in  marking  his  references  as 
doubtful.  Moreover,  it  should  not  be  forgotten  that  Tilesius  obtained 
his  zoophyte  on  the  coast  of  Kamtchatka,  while  that  of  Linnseus,  &c. 
exists  in  the  Mediterranean.  MM.  de  Blainville  and  Milne-Edwards  % 
having  however  adopted  unquaUfiedly  the  term  Horn,  frondiculata 
for  the  Mediterranean  Ascidian  polype,  it  must  be  consi.dered  in  this 
notice  as  the  type  of  the  genus,  and  as  such  be  the  subject  of  com- 
parison with  the  Isle  of  Wight  fossil.  The  existing  as  well  as  the 
extinct  coral  is  strictly  tubular ;  in  each,  those  visceral  cavities  open 
on  only  one  side  of  the  branch ;  each  also  has  subordinate  apertures 
independent  of  textile  pores  over  the  whole  surface ;  but  they  are  far 
less  numerous  in  Horn,  frondiculata  than  in  the  fossil ;  and  the  ex- 
terior of  both  is  modified  by  age.  Were  these  agreements  considered 
by  themselves,  they  might  be  regarded  as  warranting  a  generic  iden- 
tity ;  but  a  comparative  analysis  of  each  structure  will  show  something 
more  than  specific  distinctions. 

M.  Milne-Edwards' s  general  figure  of  Homera  frondiculata  {op, 
cit,  pi.  9.  fig.  1)  represents  most  completely  the  peculiarities  of 
^owth,  or  strong  main  branches  with  numerous  relatively  slender 
side-shoots,  the  latter  presenting  a  imiformly  very  small  breadth 
even  close  to  the  base  of  the  specimen  :  a  similar  character  is  visible 
in  Ellis  and  Solander's  figure  (Nat.  Hist.  Zoophytes,  pi.  26.  fig.  I)  ; 
Hkewise  in  that  of  Esper  (Pflanz.  Mill.  tab.  3),  and  Pallas  (Elenchus, 
Germ.  Trans,  tab.  12.  fig.  42).  They  were  still  more  prominent  in 
specimens  presented  to  the  author  by  the  Rev.  W.  Hennali,  and 
which  will  be  the  chief  source  of  the  following  remarks.  The  main 
branches  in  the  youngest  state  are  slender,  and  formed  almost  wholly 
of  tubes ;  the  large  apertures  project,  particularly  on  the  side  of  the 

*  Exposition  M^hodique,  p.  41.  tab.  74.  figs.  7, 8, 9.  In  the  description  of  pi.  26. 
fig.  1,  the  coral  so  delineated  by  Ellis  and  Solander  is  also  called  Homera  Jhrndi* 
eulaia  and  without  a  note  of  interrogation ;  nevertheless,  no  allusion  is  made  in 
the  body  of  the  work  to  that  figure.     See  note  t  infra, 

t  Syst.  Nat..  Edit.  x.  torn.  i.  p.  791,  1758.  Ck)nsult  Esper's  Pflanzcnthiere, 
Millepora,  tab.  3. 

X  Natural  History  of  Zoophytes,  p.  139.  pi.  26.  fig.  1,  1786,  apnd  M.  Mihie-Ed- 
wards's  Memoir  on  Homera,  infra  note  ||. 

§  Anim.  sans  Vert.  Edit.  1816.  tom.u.  p.  182 ;  Edit.  1836,  ii.  p.  277. 

II  Annales  des  Sciences  Naturelles,  2nd  Series,  ZooL,  torn,  ix.,  1838,  or  R«- 
cherches  sur  les  Polypes,  M^m.  sur  Ics  Crisies,  p.  17  e/  wq, 

%  De  Blainville,  Man.  d'Actinol.  p.  419  ;  Milne-Edwards,  op,  cit.,  and  2nd  Edit. 
Lamarck,  tome  ii.  p.  277  and  note. 
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stemsy  and  between  them  are  interlaced  fibres  with  small  pits  or 
foramina.     The  reverse  side  of  the  same  portion  is  strongly  though 
irregularly  ribbed,  and  there  are  considerable  interspaces  traversed 
also  by  fibres,  often  disposed  obliquely  as  respects  the  area,  but  ver- 
tically with  reference  to  the  growth  of  the  branch.     The  intervals 
have  likewise  distinct  pores.     In  the  specimen  immediately  under 
eonsideration  the  whole  surface  of  the  stems  began  to  be  modified 
about  three  lines  from  the  upper  extremity  by  a  fibrous  thickening, 
which  gradually  increased  downwards,  widening  also  the  branches, 
and  filfing  up  more  or  less  completely  the  spaces  between  the  pro- 
jecting openmgs,  and  finally  obliterating,  in  very  aged  conditions, 
the  latter,  rendering  both  surfaces  nearly  uniform  m  character.    The 
lateral  shoots  and  their  offsets  preserved,  on  the  contrary,  an  equal 
breadth  from  their  point  of  divergence  nearly  to  their  extremity, 
even  in  a  case  nine  hues  in  length,  and  on  whatever  part  of  a  speci- 
men they  were  situated.     These  shoots  were  apparently  the  young 
branches  of  M.  Milne-Edwards* ;  but  the  long-continued,  if  not 
permanent  differences  between  them  and  the  main  stems,  are  not 
i^parently  alluded  to  by  him.     The  shoots  with  their  offsets  had  a 
very  hispid  appearance.     M.  Edwards  says,  that  in  young  branches, 
"  la  portion  terminale  des  cellules  est  tr^  saillante,  et  Tesp^ce  inter- 
m^diaire  rugueuse"  (op,  cit,  p.  44,  desc.  ^g.  la).     On  coating  one 
with  ink,  and  examining  it  under  a  Codrington  lens,  the  intervals 
were  clearly  traversed  by  fine  ribs,  sometimes  parallel,  but  often  con- 
verged towards  each  other,  forming  a  lozenge-shaped  figure  around 
the  apertures.     These  areas  were  indented  or  foramiaated  similarly 
to  those  of  the  main  stems,  but  no  fibres  were  detected,  nor  decided 
thickening,  though  the  shoot  was  five  lines  in  extent.     The  reverse 
side  was  occupied  by  broad  granulated  ribs  with  fine  intermediate 
furrows t,  but  not  a  vestige  of  a  fibrous  structure  was  visible  through- 
out even  the  nine-lines  shoot.     The  difference  between  a  thickened 
and  non-thickened  surface  is  well-expressed  in  M.  Edwards's  figure 
1  a  (letters  a  and  b)  ;  but  it  is  most  conspicuous  in  specimens  them- 
selves, and  in  those  portions  where  the  snoot  issues  from  the  side  of 
an  aged  stem,  not  the  least  encroachment  of  the  fibrous  structure 
being  visible  upon  the  former.     It  is  of  Uttle  importance  in  the  pre- 
sent inquiry  whether  the  differences  are  permanent  or  not ;  it  is  suf- 
ficient to  point  out  their  existence  under  certain  conditions.     In  the 
lower  g^reensand  fossil  no  similar  distinctions  exist,   all  branches 
being  perfectly  alike ;  and  the  thickening  is  not  effected  by  longitu- 
dinal fibres,  but  by  local  amorphous  secretions.     Respecting  the 
minor  openings  in  main  stems  of  Ham,  Jrondiculata,  fragments  pur- 
posely worn  down  showed  that  they  were  only  foramina  wnich 
penetrated  the  general  crust  of  the  coral,  and  not  distinct  tubuli  with 
a  Bunronnding  open  area.    Lateral  shoots  prepared  in  the  same  man- 
ner also  proved  that  the  surface  minor  openings  were  pores  in  the 
wall  of  the  tubes.    In  the  Isle  of  Wisht  fossil,  however,  the  secondary 
apertures  on  both  sides  of  a  branch  have,  within  the  body  of  the 

*  Op,  eit.  pp.  18, 19 ;  also  pi.  9.  fig.  1  a,  with  description  of  figure,  p.  44. 
t  Consult  M.  Milne-Edwardi's  figure  1  e,  op.  eit,  pi.  9,  and  description,  p.  44. 
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coral,  a  distinct  boundary  often  more  or  less  encompassed  by  translu- 
cent, brown  calcareous  spar ;  intimately  a  tubular  structare,  and  an 
occasional  isolation  from  all  otber  organic  matter.  Without  extendi 
ing  tbe  comparison,  tbese  differences  are  deemed  sufficient  to  s^arate 
the  lower  greensand  fossil  from  Homera;  and  as  similar  subordinate 
tubuli  have  not  been  included  in  the  characters  of  any  established 
genus,  it  is  proposed  to  make  the  extinct  zoophyte  tne  type  of  a 
new  one,  with  the  designation  Siphodiciyumy  from  vi^r,  tubus,  and 
^(ktvov,  rete,  in  allusion  to  the  horizontal  tubuU  terminating  in  a  net- 
work on  the  surface.  The  specific  name  ^'pracile"  is  retained  for 
the  sake  of  identification  with  the  previous  determination. 

SiPHODICTYUM,  n.  g. 

Gen,  char. — ^Tubular ;  the  tubes  forming  branches,  and  opening  only 
on  one  side  of  them ;  interspaces  and  all  the  reverse  surfiice  occu- 
pied by  a  network  of  minor  pores ;  exterior  of  branches  progress- 
ively  altered  by  local  secretions ;  interior  occupied  by  downward 
prolongations  of  the  visceral  tubes,  and  traversed  horizontally  by 
small  subordinate  tubuli,  connected  with  the  surfiftce-reticQlalion ; 
additional  tubes  developed  between  pre-existing. 

SiPHODICTYUM  GRACILE. 

(Pl.  V.  figs.  16  to  23.) 

Spec.  char. — Branches  cylindrical,  slender,  forked,  csespitosely  ag- 
gregated ;  surface  sometimes  traversed  vertically  by  discontinuous, 
longitudinal  ribs ;  in  aged  conditions  rugose ;  openings  of  the  vis- 
ceral tubes  circular,  very  distinct,  margin  sometimes  slightly  pro- 
jecting ;  order  of  distribution  generally  irregular,  occasionally  trans- 
verse,  where  the  longitudinal  ribs  occur,  vertically  lineal ;  minor 
openings  arranged  in  rows  between  the  ribs,  elsewhere  retiformly. 

The  fine  specimen  submitted  to  examination  by  Dr.  Fitton  con- 
sisted of  innumerable  slender  branches,  the  upper  extremities  of 
which  presented  a  csespitose  area  nearly  2  inches  long  and  1^  wide. 
On  the  side  where  the  general  character  of  the  branches  was  shown, 
considerable  dislocations  occurred ;  but  in  one  instance  was  a  dear 
succession  of  forked  branches  for  1^  inch.  Not  the  slightest  means 
were  afforded  for  determining  the  nature  of  the  original  base,  but 
it  probably  resembled  that  of  M.  Roemer's  Chryeaora  7  pulehella 
(op.  cii.  tab.  5.  fig.  29  c),  or  a  solid  disc,  from  which  sprang  single, 
closely  aggregated  steins.  The  branches  were  simply  and  in  general 
uniformly  forked  (fi^.  16) ;  and  the  plane  of  separation  was  almost 
invariably  the  same  m  successive  bifurcations.  Tne  intervals  between 
the  points  of  subdivision  were  very  irr^;ular,  varying  from  f  ths  of  a 
line  to  3  lines.  The  differences  in  the  oUmensions  of  a  brandi  due  to 
thickening  were  small,  the  breadth  of  the  vounger  conditions  being 
about  fths  of  a  line,  and  that  of  the  older  half  a  line.  Most  frequently 
no  increase  preceded  a  bifurcation ;  and  sometimes  no  difference  was 
perceptible  between  the  undivided  branch  and  each  of  the  shoots. 

Notwithstanding  the  great  extent  of  the  specimen,  a  very  young 
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State  was  not  observed.  Supposed  early  but  mature  conditions 
(fig.  17)  exhibited  round,  sometimes  sligntly  raised  tubular  termi- 
nations, which  opened  in  the  same  plane  with  that  of  the  general 
8iir£M*e ;  and  when  arranged  transversely,  they  in  general  constituted 
well-marked  ridges.  The  longitudinal  ribs  also  scarcely  projected 
(fig.  18).  The  secondary  apertures  varied  in  form,  likewise  in  size 
and  distinctness ;  and  their  margms  were  depressed  or  inclined  in* 
wards*.  A  presumed  somewhat  older  state  had  a  rougher  surface 
in  consequence  of  increased  boldness  in  the  framework  of  the  reticu- 
lation ;  while  the  tubular  openings  were  depressed  rather  than  raised, 
and  the  transverse  rows  did  not  form  ridges :  in  an  apparently  still 
older  fragment  the  rugosity  of  the  exterior  was  much  greater,  the 
major  apertures  were  irr^ular  in  outline,  and  the  minor  diminished 
in  size ;  the  network  was  also  obliterated :  lastly,  in  what  was  con- 
sidered an  aged  condition  the  mouths  of  the  tubes  were  often  in- 
distinct, and  the  secondary  pores  were  reduced  to  punctures  in  rugose 
projections.  The  changes  on  the  reverse  side  agreed  completely  with 
those  just  mentioned,  so  far  as  concerned  the  network. 

Transverse  sections  (fig.  21)  presented  a  tubular  area,  and  an  ex- 
terior opake  zone,  in  which  could  be  detected  occasionally  the  out- 
ward ranee  of  the  visceral  tubes ;  also  horizontally-intersected  minute 
tubuli,  which  in  two  cases  apparently  ranged  from  the  surface-net- 
work to  an  abdominal  hollow.  The  internal  vertical  composition,  so 
far  as  respected  the  tubes,  was  tolerably  shown  in  two  translucent 
shoes  (fig.  20).  Those  cavities,  as  before  stated,  had  a  considerable 
extension,  the  inferior  termination  being  generally  in  the  axis  of  the 
branch.  Their  area  was  invariably  clouded  by  peripheral  structures, 
in  which  very  minute  bright  specks  could  be  detected ;  and  occasion- 
ally a  larger  circle,  beUeved  to  be  one  extremity  of  the  slender,  hori- 
zontal tubuli  just  mentioned ;  but  not  a  trace  was  discovered  of  a 
transverse  lamma  indicative  of  the  digestive  organs  having  changed 
their  position.  Between  the  walls  of  adjacent  tubes  was  very  often  a 
fine  line  similar  to  that  mentioned  in  the  notice  on  Choristopetalum 
in^par ;  but  in  some  cases  it  was  evidently  an  early  condition  of  a 
jonng  cavity,  as  it  gradually  expanded  upwards,  and  assumed  the 
characters  of  a  mature  state ;  while  in  others  less  clear,  it  appeared 
to  mark  a  structural  separation  between  the  walls,  being  more  or  less 
continuous  without  any  increase  in  width.  The  nature  of  the  reti- 
culated zone  was  ascertainable  only  in  fragments  purposely  abraded 
to  different  depths,  and  even  then  the  detection  of  the  characters 
required  care.  A  small  portion  of  a  branch  slightly  rubbed  down 
presented  obliquely  exposed  visceral  cavities,  with  minor  opake  circles 
generally  in  contact,  but  sometimes  with  a  faint  indication  of  a  sepa- 
rating paler  line,  the  circles  clearly  representing  the  secondary  surfiice- 
apertures.  Another  fragment  (fig.  22),  more  deeply  worn,  exhibited 
in  the  middle  longitudinally  exposed  tubes,  but  at  the  sides  and  upper 
extremity  of  the  branch,  where  less  had  been  removed,  large  ovals 

*  A  Shanklin  specimen,  obligiDgly  lent  the  author  by  Mi^  Morris,  afforded  per- 
fectly similar  characters.  For  a  notice  of  the  existence  of  the  coral  at  that  locality, 
consult  Dr.  fltton's  Memoir,  p.  318  op.  cit. 
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with  small  circles  similar  to  those  just  mentioned,  hut  occasionallj 
surrounded  hy  a  narrow  translucent  interspace  resemhling  in  colour 
the  spar  which  filled  the  cavities,  and  the  minute  area  within  the 
circles.  A  third  portion,  laid  open  nearly  to  the  centre,  differed  not 
in  character  from  translucent  sUces.  A  slightly-ahraded  reverse  sur- 
face of  an  Atherfield  specimen,  presented  to  the  Geological  Society 
by  Prof.  Edward  Forbes  and  Capt.  Ibbetson,  exhibited  (fig.  23)  ver- 
tical rows  of  opake-white  links  with  narrow,  translucent,  intermediate 
lin^s ;  and  a  little  lower,  where  the  surface  had  been  more  deeply 
exposed,  the  links  were  not  arranged  lineally,  and  were  detached  from 
each  other  by  a  very  narrow  pale  band.  Part  of  a  thin  slice  displayed 
also  several  detached  circles,  the  inner  areas  and  intervening  spaces 
agreeing  in  colour  and  amount  of  clearness.  Again,  a  fragment  pur- 
posely worn  down  unequally,  gave  in  the  upper  or  least  abraded  por- 
tion, irregularly  distributed  circles,  either  in  contact  or  separatee!  by 
very  fine  pale  lines ;  while  lower  down  a  deeper  wearing  laid  open  first 
circles  of  smaller  dimensions  with  an  increased  interspace ;  and  still 
nearer  the  lower  extremity,  intersections  of  three  tubes  with  gra- 
dually narrowing  intervals  in  which  circles  could  just  be  detected. 
From  these  observed  characters,  it  is  inferred  that  the  meshes  of  the 
exterior  network  were  not  mere  pores  in  the  outer  layer  of  the  coral, 
but  tubuli  possessed  of  as  distinct  walls  as  the  visceral  tubes. 

Additional  cavities,  so  far  as  concerned  the  upward  growth  of  the 
coral,  were  developed  chiefly  in  the  middle  of  the  branch,  converging 
to  the  very  centre  as  they  descended ;  but  occasionally  a  minute  open- 
ing surrounded  by  mature  tubes  was  detectable  near  the  outer  or  re- 
ticulated zone. 

As  regards  the  position  of  Siphodictyum  in  a  general  classification, 
Httle  doubt  can  be  entertained  of  the  coral  having  been  formed  by  an 
ascidian  polype.  The  simple  abdominal  cavities,  uncrossed  by  trans- 
verse laminae,  were  clearly  adapted  for  the  reception  of  digestive 
organs,  which  did  not  change  their  position ;  and  the  length  of  the 
tubes  is  not  greater  than  that  requisite  for  compUcated  viscera  with 
rigid  tentacula.  Among  the  great  groups  comprbing  that  class,  the 
nearest  agreement  is  vnth  the  family  Tubuliporidse  of  M.  Milne  Ed- 
wards, and  to  which  he  has  removed  Homera  {op.  cit.).  Some  of  the 
best-known  genera  however,  as  Tubulipora  and  Crisia,  do  not  thicken 
conspicuously,  if  at  all,  the  exterior  of  their  tubes ;  and  the  mode  in 
which  the  process  b  efiected  in  Homera  differs,  as  already  stated, 
materially  from  that  in  Siphodictyum.  In  this  respect  the  fossil 
resembles  the  Escharidse,  the  additions  being  purely  local,  and  pro- 
ducing external  irregularities  of  surface;  but  the  absence  of  all  signs  of 
an  operculum  essentially  distinguishes  the  extinct  coral  from  Eschara 
and  alhed  genera,  and  associates  it  with  those  forming  the  TubuUpo- 
ridse'*'.  It  is  therefore  proposed  to  place  Siphodictyum  provisionally 
in  that  family  of  ascidian  zoophytes. 

The  fiflh  fossil  had  not  apparently  been  named ;  but  when  first 
examined,  it  was  conjectured  to  be  that  which  is  alluded  to  in  the 
♦  Consult  M.  Milne-Edwards,  op.  cit.,  M^m.  sur  Ics  Tubulipores,  p.  5, 
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pablished  list.  No.  13.  (Quart.  Journ.  Geol.  See.  vol.  iii.  p.  302) 
under  the  tenn  Heteropora ;  and  the  mistake  was  not  detected  till 
the  describer  was  faToored,  through  Dr.  Fitton,  with  the  Atherfield 
polyparia  in  the  Museum  of  the  Geological  Society  of  London.  In 
that  collection  a  branch  of  Choristopetalum  impar  was  labelled  '  Hete« 
ropora/  The  specimen  of  the  coral  about  to  be  considered,  and 
which  forms  a  portion  of  Dr.  Fitton's  private  cabinet,  was  imbedded 
in  the  same  mass  of  sandstone  as  the  fine  example  of  Siphodietyum 
gracile  mentioned  in  the  preceding  notice. 

The  fossil  consists  of  cylindricid,  forked  branches  (fig.  24),  occa- 
iionaUj  anastomosed ;  the  exterior  (imperfectly  preserved)  has  round 
apertures  (fig.  25)  irregularly  distributed  over  the  whole  surface,  and 
variable  in  character  according  to  age,  and,  in  the  specimen  examined, 
to  the  state  of  preservation ;  the  general  surface  is  also  modified  by 
external  additions ;  secondary  or  minor  apertures  are  detectable  occa- 
aonally  near  the  large  openings :  internally  the  coral  is  composed  of 
elongated  simple  tubes,  more  or  less  separated  by  an  open  interspace 
or  figure  (fig.  26).  These  characters  must  be  regarded  as  very  im- 
perfect indications  of  the  fossil's  structure ;  the  surface  of  the  speci- 
men being  so  incrusted  with  matrix,  that  it  was  impossible  to  obtain 
satisfactory  evidence  of  external  composition. 

If  the  portions  with  slightly  projecting  tubular  apertures  were  con- 
sidered as  presenting  a  mature,  characteristic  condition,  the  Atherfield 
coral  might  be  referred  to  the  Pustulopora  of  M.  de  Blainville*, 
especially  as  exhibited  in  P.  madreporacea  (Goldf.  pi.  10.  fig.  12) 
and  P.  puatulosa  (pi.  1 1 .  fig.  3),  but  in  those  fossils  no  open  space 
or  line  of  separation  between  the  visceral  tubes  is  either  delmeatea  or 
alluded  to  under  any  condition ;  nor  are  secondary  openings  or  irre- 
gular thickenings  noticed  or  represented.  M.  de  Blain^e  states 
that  the  tubes  or  "  cellules"  are  **  pen  saillantes,  pustuleuses  ou  ma- 
melonn^"  {op.  cit,  p.  418)  ;  but  M.  Milne-Edwards f  describes  an 
existing  Mediterranean  species,  P.  proboscidea  (op,  cit.  pi.  12.  fig.  2), 
with  projecting,  free  extremities  "  exactement  comme  chez  les  Tubu* 
fipores"  (op,  cit.  p.  27).  The  lower  greensand  fossil  had  not,  it  is 
believed,  at  any  time  free,  protrudine,  visceral  tubes  similar  to  those 
represented  by  M.  Edwards  {loc.  cit!)y  with  a  simple,  tubular  extre- 
mity in  the  most  advanced  stage,  but  in  a  mature  state,  a  pustulous 
aperture  developed  at  that  particular  period  of  growth.  The  author  of 
this  notice  is  indebted  to  the  liberality  of  Prof.  Edward  Forbes  for  two 
specimens  of  a  Mediterranean  coral  agreeing  perfectly  with  M.  Ed- 
wards's figure,  but  difPering  most  materiaUy  from  that  found  at 
Atherfield.  Two  new  extinct  species,  described  and  figured  in  the 
memmr  above-quoted  (op.  cit.  pi.  11.  fig.  4,  pi.  12.  ^^.  1),  agree  in 
general  composition  with  P.  proboscidea ;  and  if  the  mquiry  be  ex- 

*  Man.  d'Actinol.  p.  418 :  tee  Goldfiiss't  deUnestiont  of  the  four  species  of  Ceric 
pone,  on  which  the  genus  is  founded,  Petref.  pi.  10.  fig.  12.  fig.  8,  and  pL  11. 
fig.  3.  fig.  1. 

t  Ann.  des  Sc.  Nat.,  2nd  series,  ZooL,  tome  iz.,  Mem.  snr  les  Crisies,  &c.,  or 
Becfaerches  sor  les  Polypes,  &c 
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tended  to  the  additions  made  by  M.  Michelin  *  and  Herr  Roemer  t*  the 
characters  of  the  Isle  of  Wight  zoophyte  will  not  be  apparent ;  but 
should  those  structures  be  hereafter  shown  to  exist,  still  as  they  do 
not  occur  in  the  fossils  on  which  the  eenus  was  founded,  such  species 
would  have  to  be  removed  from  M.  de  Blainville's  Pustulopora.  It 
is  not  considered  necessary  to  prolong  the  comparison  to  other  deli- 
neated corals  which  present  a  limited  amount,  not  an  aggregate  of 
agreements ;  and  the  compiler  of  these  memoranda  not  being  aware 
of  any  established  genus  possessing  a  union  of  characters  similar  to 
that  already  mentioned,  and  to  be  further  noticed  in  the  following 
remarks,  it  is  suggested  that  the  Atherfield  fossil  may  be  designated 
Chisma  (x^vfin,  finura),  in  allusion  to  the  intervius  between  the 
tabes. 

Chisma,  n.  g. 

Gen,  char, — ^Tubular,  branched ;  tubes  simple,  in  contact,  or  sepa- 
rated by  an  interspace  of  variable  breadth ;  apertures  irregularly 
distributed  over  the  whole  surface,  not  mere  tubular  terminations ; 
exterior  of  branches  formed  of  more  or  less  exposed  portions  of 
tubes,  progressively  modified  by  external  additions. 

Chisma  furcillatum,  n.  sp, 

.  (Plate  V.  fig.  24  to  28.) 

Spec,  c^ar. ^Branches  cylindrical,  forked,  occasionally  anastomosed: 
plane  of  successive  bifurcations  at  right  angles  ;  tubes  vuiable  in 
form,  slightly  divergent,  seldom  bent  suddenly  outwards ;  aperture 
at  distal  extremity  of  exposed  portion  of  the  tubes ;  in  mature  and 
advanced  states  pustulose;  breadth  of  tube  uniformly  small  in  the 
middle  portion  of  the  branch,  considerable  at  the  sides ;  external 
thickening  of  branches  rugose. 

The  specimen  submitted  to  examination  occupied  an  area  about 
one  incn  and  a  half  square,  throughout  which  the  branches  were 
loosely  distributed,  but  possibly  at  about  their  original  relative  di- 
stance. There  was  not  the  shghtest  indication  of  a  base  or  mode  of 
attachment.  The  diameter  of  the  stems  was  nearly  a  line  ;  and  no 
marked  difference  in  dimension  was  noticed  between  the  undivided 
portion  and  the  two  shoots,  near  the  point  of  separation.  The  bi- 
furcations occurred  at  irregular  distances,  and  the  mode  of  branching 
had  not  been  strictly  uniform  ;  but  there  was  a  marked  tendency  to 
divide  in  alternate  planes.  Wherever  the  branches  had  come  in 
contact,  a  perfect  umon  had  taken  place. 

A  fragment  (fig.  25)  which  was  beheved  to  represent  in  part  an 
unthickened,  though  not  perfectly  preserved  exterior,  displayed  in  the 
upper  portion,  a  surface  composed  of  a  variable  amount  of  exposed 

•  Iconog.  Zoophyt  p.  210  to  212,  pi.  53.  figs.  2  to  6. 

t  Vcriteineningcn  des  Norddeutschen  Kreidcgeb.,  pp.  21, 22.  pi.  5.  fig.  23,  24. 
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tubes,  the  boimdary  of  which  was  defined  by  a  distinct  fine,  arched 
at  the  distal  extremity,  and  straight  or  cunred  at  the  sides  according 
to  the  reladve  position  of  the  adjacent  cavities.  The  visible  surface 
was  nearly  flat  or  very  slightly  concave,  and  though  not  completely 
preserved,  was  yet  clearly  composed  of  the  original  coral,  being  pene- 
trated by  minute  pores  similar  to  those  in  the  side  of  vertically  mter- 
sected  tubes:  one  limited  area  also  presented  between  and  around  the 
apertures  a  nearly  smooth  surface  with  ver^  faint  traces  of  boundary- 
wdls.  The  opening  situated  at  the  very  distal  extremity  of  the  tul>e, 
but  in  the  same  pUme  with  the  surface  of  the  branch,  varied  in  form 
from  circular  to  transversely  oval,  occupying  the  whole  breadth  of 
the  interior  of  the  cavity ;  and  the  margin  was  in  general  slightly 
raised.  In  this  part  of  the  specimen,  the  space  between  the  interior 
of  two  adjacent  visceral  hoUows  was  very  narrow,  with  scai^^ely  a 
trace  of  the  walls  being  divided  medially ;  but  lower  down,  where 
the  interval  was  greater  and  the  abrasion  apparently  deeper,  a  distinct 
partition-line  was  occasionally  visible,  especially  around  tne  arched  end 
of  the  tube.  A  seemingly  thickened  exterior  exhibited  an  irregular 
surface  with  projecting  apertures,  and  no  signs  of  boundary-lines 
either  above  tne  mouths  or  down  the  sides  of  the  cavities,  the  occa- 
nonal  lacunae  being  evidently  partial  abrasions.  No  satisfactory 
proofe  of  a  change  in  the  openings  were  visible ;  but  in  another  branch 
a  small  foramen  appeared  in  the  middle  of  mammillated  casts,  and 
indicated  an  advanced  stage,  possibly  a  precursory  one  to  a  total  fill- 
ing «p. 

The  characters  of  the  cavities  within  the  branches  was  well  shown 
in  nearly  vertical  translucent  sHces  (fig.  26)  and  polished  sections 
(fig.  275*  The  difference  between  the  breadth  of  the  tubes  imme- 
oif^ly  adjacent  to  the  exterior,  and  those  in  the  middle  area  of  the 
branch  was  very  great,  where  the  intersection  passed  through  the 
centre  (fig.  26)  ;  but  that  the  latter  were  mere  downward  attenuations 
of  the  former,  no  doubt  could  be  entertained,  as  broad  cavities  were 
traced  into  narrow.  Nevertheless  the  dimensions  of  the  tubes  were 
not  alwavs  strictly  uniform  in  equivalent  positions;  circumstances 
which  affected  the  plan  of  growth  evidently  influenced  the  breadth 
also.  The  total  range  of  the  cavities  could  not  be  clearly  determined, 
hut  it  was  manifestly  considerable,  exceeding  many  times  the  widest 
portion ;  not  a  trace  however  of  a  transverse  lamina  was  detected. 
The  form  was  cylindrical  where  an  interspace  existed  (figs.  27,  28)  ; 
hut  when  the  tubes  were  nearly  or  quite  in  contact,  the  outline  was 
more  or  less  modified  by  mutual  interference.  In  the  notice  on  ex- 
ternal structures,  the  surface  b  stated  to  consist  of  exposed  portions 
of  visceral  hollows  with  a  flat  or  slightly  concave  outline,  the  aper- 
ture being  situated  at  the  distal  extremitv.  The  equivalent  part  in 
translucent  sUces  ffig.  26)  almost  invariably  consisted  of  a  curved  or 
nearly  straight,  thm,  opake  layer,  which  cUd  not  range  conformably 
with  the  side  of  the  tube,  but  crossed  obliquely  the  broad  extremity, 
constituting  a  special  structure  for  closing  at  a  particular  period  the 
ample  tubmar  area.  The  apertures  were  not  alwavs  apparent,  yet,  in 
some  cases,  at  the  upper  extremity  of  the  oblique  layer  was  a  marked 
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prominence,  agreeing  in  position  and  form  with  the  openings  on  the 
surface  of  the  branches  ;  and  it  occupied  only  a  Umited  portion  of 
the  oblique  covering ;  or  its  depth  was  very  much  less  than  the  dia- 
meter of  the  cavity.  These  characters  prove,  to  the  extent  of  the 
fragments  examined,  that  the  apertures  were  not  simple  tubular  ex- 
tremities, Uke  those  in  Siphodictyum  gracile,  Tubulipora,  &c.,  but  a 
distinct  structure.  In  the  genus  Eucratia  *  of  Lamouroux,  the  vis- 
ceral cell  swells  out  from  a  very  narrow  base  (Lamarck's  2nd  Ed. 
loc.  cit.),  and  the  ample  interior  is  closed  obUquely  in  a  manner  si- 
milar to  that  stated  above,  as  shown  in  M.  Milne-Edwards's  figure 
(op.  cit.  pi.  8.  fig.  1)  ;  but  Prof.  J.  Reidf  has  explained  that  the 
covering  is  a  membrane,  and  that  it  falls  ofi^  when  the  polype  is  dead ; 
and  M.  Edwards  had  previously  delineated  the  operculum  by  which 
the  small  aperture  is  closed  when  the  tentacula  are  drawn  in  {loc. 
eit.).  In  Ch%9ma  furdllatum  the  oblique  layer  differed  not  in  com- 
position from  the  sides  of  the  tubes,  and  no  signs  of  an  operculum 
were  noticed.  The  walls  of  the  cavities  were  distinctly  foraminated, 
presenting  sometimes  even  a  sieve-Hke  texture ;  and  they  appeared  to 
vary  in  thickness,  in  consequence  of  the  intersection  uicludiiig  a  por- 
tion of  the  curvature  of  the  tube  (fig.  27)  ;  but  the  actual  dimension 
was  small.  The  character  of  the  interval  between  adjacent  walls  de- 
pended seemingly  on  the  position  of  the  cavities,  and  on  circumstances 
which  permitted  a  certain  amount  of  divergence.  Sometimes  scarcely 
a  vestige  of  an  interspace  was  detectable  in  the  middle  area  of  a 
branch  (fie.  26)  ;  whfle  in  other  sections  less  centrally  exposed,  a 
small  divisional  line  was  occasionally  quite  distinct ;  and  in  a  third  case 
(fig.  27)  a  fissure  prevailed  nearly  throughout,  acquiring  in  one  part 
great  prominence  of  character.  The  principal  specimen  afforded  in- 
stances of  each  condition.  ObUque  or  transverse  slices  exhibited  also  a 
variable  amount  of  interval.  In  general  the  minor  fissures  were  more 
or  less  clouded,  and  at  times  appeared  to  be  crossed  by  a  bar  or  fila- 
ment ;  but  in  the  wide  spaces  (fig.  27)  the  evidence  was  in  favour 
of  a  clear  chasm,  allowance  being  made  for  the  interference  of  tubular 
walls  situated  behind  the  plane  of  section.  A  transverse  shce  (fig.  28), 
with  considerably  separated  cavities,  showed  no  regular  intermediate 
structure,  but  the  cloudiness  in  the  fissure  was  generally  greater  than 
that  within  the  tube  and  dissimilar  in  character.  The  indications  of 
cross-bars  were  likewise  few  and  unsatisfactory,  as  proofs  of  com- 
position, when  examined  with  a  sufficient  power.  This  want  oi 
connecting  structures  under  certain  circumstances  suggests  the  in- 
ference, that  the  walls  of  adjacent  cavities  were  not  primarily  united, 
or  that  there  was  no  interblendine  of  the  secreting  membranes. 
Roughly  fractured  branches  afforded  sometimes  a  crenulated  surface 

*  Lamouroux,  Expos.  M^thodique,  p.  8,  pi.  65.  fig.  10  {Eue.  ekelata)  :  consult 
also  Milne-Edwtrds,  2od  Edit.  Lamarck,  torn.  iL  p.  188  note,  and  Ann.  dea  Sc. 
Nat.  2nd  Series,  Zool.  tome  ix.  pi.  8.  fig.  1.  p.  11,  Des  Crisidies,  or  Recherches  lor 
les  Polypes,  M^m.  sur  les  Crisies,  &c 

t  Ann.  and  Mag.  Nat.  Hist.  vol.  xvi.  p.  392  {Crisia  ehelata),  pi.  12.  fig.  10, 
1845.  Consult  also  Dr.  Johnston's  Brit.  Zoophytes,  2nd.  Edit.  p.  288-290, 1846- 
1847. 


Digitized  by  VjOOQIC 


1848.]  LONSDALE  ON  FOSSIL  ZOOPHYTES.'-'    ,-  101 

composed  of  salient  and  re-entering  angles,  preying*  con9iderable 
lateral  interference ;  yet  it  was  difficult  to  determine  ^oyr-lar  the 
severed  portions  gare  freely  parted  walls.  The  appareiitlj.<outer 
ndes  of  these  compressed  noUows  were  punctured  in  the«1oD€ti^er 
me^itioned  in  noticing  the  composition  of  the  tubes ;  but  ir  rightly 
understood,  the  best  exhibited  surfaces  were  not  smooth,  alti^6ugh 
they  displayed  no  rough  broken  edges  or  points  indicative  of  a  frao- 
tared  intermediate  structure.  The  nearly  perfect  exteriors,  it  miat  , 
be  remembered,  afforded  very  faint  or  no  signs  of  a  dividing  line  l\ 
and  the  supposed  thickened  area  had  a  continuous  layer  around  and  ' 
between,  intunadng  a  complete  union  in  that  state.  These  imper- 
fectly observed  characters  are  nevertheless  believed  to  be  in  nowise  op- 
posed to  the  conclusion  of  the  adjacent  walls  having  been  unconnected 
when  first  developed.  The  foramina  in  their  sides  were  necessarily 
designed  for  a  specific  purpose  ;  and  possibly  they  afforded  a  passage 
to  vessels  that  nourished  the  animal  substance  which  occupied  the 
narrowest  as  well  as  the  broadest  interspaces ;  and  as  this  portion  of 
the  polype  was  unprorided  with  the  means  for  forming  a  definite 
structure,  calcareous  matter  was  probably  deposited  in  a  pulverulent 
state,  filling  partially  or  wholly  the  finer  intervals,  and  clouding 
more  or  less  the  wider,  according  to  the  relative  age  or  position  of 
the  exammed  fragment.  Whateyer  may  have  been  the  real  nature 
of  these  spaces,  or  the  functions  of  the  animal  matter,  it  is  perfectly 
dear  the  pol3rpe-tissues  which  constructed  the  whole  body  of  the 
coral  must  have  had  a  far  simpler  organization  than  those  that  de- 
veloped the  soHd  fabric  of  Siphodictyum  gracile.  Better  examples 
of  the  impropriety  of  limiting  the  term  polypus  to  the  viscera  and 
the  appendages  around  the  mouth  could  not  be  advanced.  In  both 
the  fossil  genera,  the  digestive  apparatus  and  the  tentacula  could  not, 
reasoning  from  what  is  known  of  existing  ascidian  zoophytes,  haye 
differed  greatly ;  whereas  the  animal  matter  which  occupied  the  in- 
terspaces, and  in  one  case  produced  a  complicated  structure,  but  in 
the  other  has  left  scarcely  a  trace  of  a  regular  composition,  could 
haye  possessed  Httle  organic  sameness.  Limit  the  term  polypus  to 
the  portions  that  filled  the  tubes,  and  the  animals  might  be  consi- 
dered identical ;  extend  it  to  the  whole  of  the  soft  parts,  and  the 
most  marked  differences  become  apparent. 

Additional  carities  sprang  chiefly  from  the  direct  centre,  but  a 
minute  circle  or  angular  area  could  be  detected  occasionally  nearer 
the  circumference,  and  in  some  cases  they  were  arranged  on  each 
side  of  a  faint  curved  line  which  traversed  more  or  less  medially 
cross  sections.  Though  no  direct  evidence  was  obtained,  yet  these 
lines  were  considered  as  precursors  of  a  bifurcation.  They  were 
clearly  not  the  effects  of  anastomosis. 

The  forgoing  statements,  it  is  conceived,  justify  the  inference  that 
the  extinct  coral  was  formed  by  an  ascidian  polype ;  and  that  it 
should  be  placed  provisionally  among  the  TubuUpondee. 
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.'VrAsTOPORA,  Lamouroox  and  Milne-EdwardB. 

A  spi^idhnen  belonging  to  an  affixed  species  of  this  genus  was  no- 
ticed'bn 'a  fragment  of  Choristopetalum  impar,  but  its  state  of  pie- 
serFation  did  not  permit  tbe  characters  to  be  ascertained. 


Summary  of  Species. 

Amorphozoa. 

1 .  Conis  contortuplicata. 

Anthozoa. 

2.  Cboristopetalum  impar. 

3.  Cjathopnora  ?  elegans. 

Bryozoa. 

4.  Siphodictyum  gracile. 

5.  Chisma  forcillatum. 

6.  Diastopora . 


EXPLANATION  OF  PLATES  IV.  AND  V. 

Plate  IV. 

Fig.  1.  Conii  eontortupUcata,    External  appearance,  nat  size. 

2.  Portion  of  surface,  enlarged,  to  show  the  characters  of  the  lacmiB  and 

pores. 

3.  Internal  stmcture,  enlarged. 

4.  Another  section  in  which  tbe  fibrous  stmctnre  is  shown. 

5.  ChorUiopetahtm  impar.  General  mode  of  branching,  nat.  size.  5*.  Portkm 

enlareed  to  give  the  two  sets  of  openings. 

6.  Verticu  section,  mag.  5  diameters.    6*.  Outline  from  a  direct  centre  to  ex- 

hibit the  transrerse  laminae  in  the  tubes,  and  traces  of  concentric  layers. 

7.  The  portion  immediately  above  the  transverse  fracture  cUsplays  the  surface 

of  the  lower  lamina  of  a  concentric  layer,  mag.  5  diam. 

8.  Surface  of  the  upper  lamina  or  counterpart  of  fig.  7,  mag.  5  diam. 

9.  The  central  boss,  gives  a  transversely  exposed  concentric  lower  lamina, 

mag.  5  diam. 

10.  Transverse  section,  mag.  5  diam, 

11.  Perfect  surface,  enlarg^. 

12.  Cyatkophora}  elegtmt^  nat.  size.  General  appearance.    12*.  Portion,  mag. 

4  diam. 

13.  Nearly  vertical  section.    Fig.  13  to  15  mag.  4  diam. 

14.  Portion  of  a  perfectly  preserved  exterior,  figures  12, 12*  giving  only  casta. 
i&.  Portion  of  a  specimen  killed  during  development. 
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Plate  V. 

Rg.   16.  ^kodicfyum  granle.    General  plan  of  growth,  nat  uze. 

17.  Front  of  a  branch.    Flff.  17  to  23  mag.  7  diam. 

18.  Front  of  another  branch,  traversed  by  fine  longitudinal  lines. 

19.  Reverse  surface. 

20.  Vertical  section  through  the  centre. 

21.  Transverse  section. 

22.  Sfightlj  worn  down  front. 

23.  Slightly  worn  down  reverse  side. 

24.  Chitma/ktrciUatum.    General  plan  of  branching,  nat.  size. 

25.  Nearly  perfect  exterior,  mag.  7  diam. 

26.  Vertiod  section.  The  position  of  the  month  to  the  tube  is  indicated  in 
some  cases,  as  near  i,  by  a  small  projection ;  and  the  interval  between 
the  tubes  by  the  little  space  unmediately  above  the  projection :  mag.  7 


27.  A  section  nearer  the  original  surfsce,  mag.  4  diam. :  the  character  of  the 
intervals  between  the  tubes  is  shown  in  the  portion  greatly  enlarged. 

28.  Transverse  section,  mag.  7  diam. 
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DONATIONS 


TO  THE 


LIBRARY  OF  THE  GEOLOGICAL  SOCIETY, 

July  Ut  to  October  31*/,  1848. 


I.    TRANSACTIONS  AND  JOURNALS. 

Presented  by  the  respective  Societies  and  Editors, 

Agricultural  Society  (Royal),  Journal.     Vol.  ix.  part  1. 

American  Academy  of  Arts  and  Sciences,  Proceedings.  Vol.  i. 
pp.  297-346. 

— Philosophical  Society,  Proceedings.     Vol.  v.  No.  40. 

Annales  des  Mines.  Quatri^me  Serie,  Tome  1,  2,  3,  4,  5,  6,  7,  8, 
9,  10,  11,  12  (Uv.  4),  20  (in  all  37  Parts). 

Asiatic  Society  (Royal),  Journal  of  the  Bombay  Branch.    No.  1 1, 

1847. 
Athenaeum  Journal,  July  to  November. 

Belgique,  Academic  Royale  de.  MImoires,  tomes  xxi.  et  xxii. — 
M^moires  Couronn^  et  M^moires  des  Savants  Strangers, 
tome  xxii. — Bulletins,  tome  xiv.  partie  2,  et  tome  xv.  partie  1 . — 
Annuaire,  1848. 

Berlin  Academy,  Abhandlungen  for  1846. 

,  Bericht,  July  to  December  1847  and  January  to  June 

1848. 

Dublin  Geological  Society  Journal,  vol.  iii.  part  4.  Nos.  2  and  3. 

Chemical  Society,  Quarterly  Journal  of.     Vol.  i.  Nos.  2  and  3. 

France,  Society  G^logique  de,  M^moires.  Deux.  S^rie,  tome  iv. 
feuilles  53-62,  and  tome  v.  feuilles  4-8. 

Comptes  Rendus  de  T Academic.  Nos.  1-25.  Tome  xxvi.  Prem.  Sem. 
and  Index  and  Contents  to  Tome  xxy. 

Geographical  Society  (Royal),  Journal  of  the.     Vol.  xviii.  part  1 . 


Digitized  by  VjOOQIC 


DONATIONS.  105 

Indian  Archipelago,  Journal  of  the.     Vol.  ii.  Nos.  3,  4,  6,  6,  7,  8. 

Irish  Academy  (Royal),  Transactions.     Vol.  xxi.  part  2. 

Moscou,  Bolletin  de  la  Soci^t^  Imp^riale  des  Naturalistes  de.    No.  2. 
1847. 

New  York,  Annah  of  the  Lyceum  of  Natural  History  of.    Vol.  iv. 
Nos.  10  and  11. 

Philadelphia,  Journal  of  the  Academy  of  Natural  Sciences  of.  Vol.  i. 
part  1. 

Fhiloaophical  Magazine.     From  B.  Taylor,  Fsq,,  F.G.8. 

Tyneside  Naturalists'  Field  Club,  Transactions.     Vol.  i.  part  3. 

Vaudoise,  Bulletin  des  Stances  de  la  Soci^t^  des  Sciences  Naturelles  de. 
Nos.  16,  17  &  IS. 

Wien,  Berichte  uber  die  Mittheilungen  von  Freimden  der  Naturwis- 
senschaften  in.  3  band.  Nos.  1-6,  1847.  From  Herr  W. 
Haidinger. 

II.    GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  in  italics  presented  by  Authors, 

Bloede,  M.  Tabelle  uber  die  in  den  Offentlichen  Museen  lu  St.  Pe* 
tersburg  befindlichen  Aerolithen. 

Davidson,  M,  M,  K,  et  Bouchard  Chantereaux,  Note  sur  le  Magas 
pumilus. 

De  Koninckj  X.     Recherches  sur  les  Animaux  Fossiles.     Part  1 . 

DOrbigny,  A,  Pal^ntologie  Fran9aise,  Terrains  Cr^tac^,  livrai- 
sons  131,  132,  133,  134,  135  &  136.  Terrains  Jurassiques, 
lir.  48,  49  &  50. 

Dumoni,  A,  M^moire  sur  les  Terrains  Ardennais  et  Rh^nan  de 
TArdenne,  du  Rhin,  du  Brabant  et  du  Condros. 

Fischer  de  Waldheim,  G,  Notice  sur  quelques  Sauriens  Fossiles 
du  Gouvemement  de  Moscou. 

Gibbes,  B,  jr.,  M,D,  Monograph  of  the  Fossil  Squalidee  of  the 
United  States. 

Geological  Survey  of  Great  Britain,  Memoirs  of,  and  of  the  Museum 
of  Practical*  Geolo^  in  London.  Vol.  ii.  parts  1  &  2.  Pre- 
sented by  Sir  H.  T.  De  la  Beche,  from  the  Commission  of  Woods 
and  Forests. 

Helmersen,  G.  v,  Herm  von  Middendorffs  geognostische  Beobach- 
tungen  auf  seiner  Reise  durch  Siberien,  bearbeitet  von. 

.     Aulosteges  yariabilis,  ein  neuer  Brachiopode  mit  artiku- 
lirtem  Schlosse,  aus  dem  Zechstein  Russlands. 

Jobert,  A.  C,  G,    Ideas  or  Outlines  of  a  New  System  of  Philosophy. 
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King,  Capt.  P.,  R.N,    On  the  Specific  Gravity  of  Sea-wat«r  in  the 
North  and  South  Atlantic  Oceans. 

Selections  from  a  Meteorological  Journal  kept  during 


the  Survey  of  the  Southern  Coasts  of  South  America. 

Ktnff,  Wm.   Catalofi:ue  of  the  Organic  Remains  of  the  P^mien  Bocki 
of  Northumbenand  and  Durham. 

Lubbock,  Sir  J.  W.,  Bart.    On  the  Theory  of  the  Moon,  &c. 

ManteOy  G.  A.,  Esq.,  LL.D.  On  the  Structure  of  the  Maxillary 
and  Dental  Or^ms  of  the  Iguanodon. 

.    Observations  on  Belemnites,  &c.,  discovered  by  Mr.  B* 

N.  Mantell. 

Meteorological  Observations  made  at  Madras  in  1841,  1842,  1843, 
1844  and  1845.     Presented  by  the  Hon.  East  India  Company. 

Meteorological  Observations  made  at  the  Meteorological  Bun^ow 
on  Dodabetta  in  1847-48.  Presented  by  the  Hon.  East  India 
Company. 

Nyst,  H.  P,  Tableau  Svnopti<}ue  et  Synonymique  des  especis  vi- 
vantes  et  fossiles  de  la  Famille  des  Arcao^.     Part  1 . 

Quetelet,  A.    Sur  le  Climat  de  la  Belgique.    Deux.  part. 

Reeve,  Lovell.    Elements  of  Concholc^.     Part  9. 

Siemonda,  Eugenio,  M.D.  Synopsis  Methodica  Animalium  Inverte- 
bratorum  Pedemontii  Fossilium. 

Strickland,  H.  E.  A  General  Catalogue  of  all  Books,  Tracts  and 
Memoirs  on  Zoology  and  Geolo^.  By  Prof.  L.  Agassis ;  cor- 
rected and  edited  by.    Present^  by  the  Bay  Society. 


Digitized  by  VjOOQIC 


THE 


QUARTERLY   JOURNAL 


OF 


THE  GEOLOGICAL  SOCIETY  OF  LONDON. 


PROCEEDINGS 

OP 

THE  GEOLOGICAL  SOCIETY. 


November  1,  1848. 

Douglas  Galton,  Esq.,  Lieut.  R.E.,  was  elected  a  Fellow  of  the 
Society. 

The  following  communications  were  read : — 

I .  On  the  supposed  impression  in  Shale  of  the  soft  parts  of  an  Ok- 
THOCERAS.  By  James  Hall,  F.M.G.S.,  State  Geologist  of  New 
York.  (Communicated  hy  Sir  Roderick  I.  Murchison,  to  whom 
the  notice  was  sent  in  a  letter  dated  Feb.  8,  1848,  and  whose  ab- 
sence from  England  preyented  its  being  read  last  session.) 

Having  read,  in  the  Quarterly  Journal  of  the  Geolo^cal  Society  for 
August  1847,  a  letter  from  «f.  G.  Anthony  of  Cincmnati,  Ohio,  to 
C.  Lyell,  Esq.,  V.P.G.S.  London,  "on  an  impression  of  the  soft 
parts  of  an  Orthocerasy*  it  occurred  to  me  that  the  accompanying 
remarks  and  illustrations  might  not  be  uninteresting  to  the  Society, 
and  at  the  same  time,  perhaps,  help  towards  a  rational  opinion  rela- 
tive to  such  bodies  as  are  there  described. 

It  has  long  been  a  favourite  theory  with  some  naturalists  that' the 
fossil  Orthocerata  are  internal  shells,  of  which  the  external  soil  parts 
have  perished  ;  but  no  person,  I  believe,  until  the  present  time,  has 
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claimed  to  have  discovered  remains  of  these  fleshy  or  mnsctdar  parts 
of  the  animal.  The  position  in  which  the  hodj  described  was  dis- 
covered, and  the  condition  of  the  other  fossils  in  the  same  bed,  show 
the  existence  of  circumstances  peculiarly  favourable  to  the  preserva- 
tion of  the  more  dehcate  solid  portions  of  all  the  then  existing  species 
of  that  immediate  neighbourhood.  But  we  have  still  a  right  to  ask 
for  more  evidence  as  to  the  nature  of  these  soft  parts,  and  the  manner 
of  their  connexion  with  the  shell.  It  appears  natural  to  suppose  that 
the  external  soil  parts  of  the  animal,  if  any  such  existed,  would  be 
eonnected  with  that  portion  of  the  internal  animal  occupying  the 
hrge  outer  chamber  of  the  shell.  In  this  example,  judging  from  the 
figure,  and  from  my  recollection  of  the  specimen,  the  fossilized  "  soft 
parts  "  are  foimd  enveloping  the  smaller  extremity  of  the  shell,  while 
the  outer  chamber  and  lareer  extremity  is  broken  off.  This  condi- 
tion of  the  enveloping  soft  oody  seems  to  me  an  objection  to  such  an 
explanation,  even  admitting  that  the  ''  soil  parts  "  could  be  petrified 
under  the  circumstances.  This  objection  however  may  not  be  con- 
clusive, and  I  would  only  suggest  it  for  consideration  before  noticing 
other  facts. 

Bodies  similar  to  that  described  by  Mr.  Anthony  have  been  known 
to  me  in  the  shales  of  New  York  for  ten  years,  but  I  have  always 
regarded  them  as  concretionary^  though  on  their  first  discovery  they 
were  supposed  by  several  naturalists  to  be  the  remains  of  the  external 
fleshy  body  of  the  Orthoceras.  The  peculiar  striated  surface  of  Mr. 
Anthony's  specimen  corresponds  witn  all  those  seen  in  New  York, 
and  the  bilobate  form  is  hkewise  the  ordinary  one.  This  character 
however  appears  to  be  due  to  previous  compression,  for  the  shell  is 
usually  flattened  and  broken  along  a  central  depressed  line. 

It  is  scarcely  probable  that  such  an  opinion  would  be  advanced  by 
any  one  unless  the  mind  had  been  pre-occupied  by  the  betief  that  the 
Orthocerata  were  composed  of  an  internal  chambered  shell,  and  an 
external  soft  body  enveloping  that  shell.  This  prejudice  is  therefore 
strongly"  sustained  by  such  a  discovery,  should  it  be  proved  that 
bodies  of  the  kind  described  are  found  only  in  connection  with  shells 
of  the  Orthoceras ;  but  this  is  far  from  being  true. 

To  commence  with  the  lower  strata — ^I  have  found  both  the  bivalve 
acephala  and  the  spiral  univalves  with  a  similar  sac-like  attachment 
of  what  is  here  regarded  as  the  ''  soft  parts "  of  the  animal,  but 
which  I  prefer  to  regard  as  a  shaly  accretion  with  a  striated  surface'*'. 

*  Concretionary  action  takes  place  in  all  our  shaly  deposits  in  which  animal  mat- 
ter exists,  partictdaiiy  if  iron  be  present,  to  form  particles  or  nodules,  or  eren 
diffhsed  particles  of  iron  pyrites  which  aid  in  producing  this  action.  Vegetable 
matter  is  sometimes  a  nucleus  for  such  aggregation.  Often  there  is  no  visible 
nucleus,  and  we  cannot  readily  determine  the  first  cause  of  the  action.  When 
the  nucleus  is  organic,  the  concretionary  masses  or  enclosing  sacs  usually  assume 
a  bilobate  or  bilateral  form,  in  other  cases  they  are  of  various  and  irregular  forms. 
The  surface  of  these  bodies  is  almost  aluhays  striated,  and  where  there  is  only  a 
thin  coating  of  shaly  matter  around  the  orrainic  body,  or  a  harder  inorganic  cal- 
careous nodule,  it  appears  not  unlike  the  effect  produced  by  smearing  some  hard 
body  with  adhesiye  clay,  and  then  removing  as  much  as  possible  by  hard  pressure 
and  direct  motion  of  the  pahn  of  the  hand.    These  surfaces  have  often  the  pecu- 
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These  for  the  most  part  I  have  destroyed  to  procure  the  enclosed 

Fig.  1 .     fossU,  and  have  no  good  representatives  from  this  period. 

In  the  Hamilton  group  such  appearances  are  quite 

common,  and  excite  httle  attention.     The  accompan3ring 

figure  (fig.  1)  represents  a  Chemnitzia  (Loxonema)  with  a 

concretion  or  sac  on  either  side,  which  appears  as  if  it 

maj  once  have  heen  a  soft  or  pulpy  mass.     In  another 

I  specimen  the  shell  is  nearly  covered  by  this  sac,  which 

still  preserves  its  proportions,  corresponding  to  the  form 

of  the  shell. 

In  this  case  there  could  have  been  no  external  animal  or  soft  body 
to  become  fossilized ;  and  had  the  entire  soft  part  of  the  animal  been 
protruded  from  the  sheU,  it  would  not  have  been  half  so  large  as  the 
attached  concretion  or  sac,  nor  would  it  have  assumed  this  position. 
It  is  evident  nevertheless  that  the  form  and  size  of  the  shell,  or  of 
the  animal  within  it,  has  determined  the  form  and  proportions  of  the 
adhering  concretionary  mass ;  and  if  it  could  so  act  in  this  instance, 
why  may  it  not  have  done  the  same  in  the  case  of  the  Orthoceras  ? 
I  am  unwilling,  at  least,  to  admit  the  existence  of  such  a  preservation 
of  the  "  soft  parts  "  of  a  Cephalopod,  while  we  have  an  example  so 
similar  among  the  Gasteropods.  I  regret  that  I  have  no  other  spe- 
dniens  at  hand  to  show  that  these  are  far  from  being  soHtary  ex- 
amples. 

Among  numerous  specimens  of  Orthocerata,  I  select  the  accompa- 
nying  figures  3  and  4,  which  present  some  analogy  with  the  figure 
of  Mr.  Anthony*. 

liar  appearance  of  the  **  slickensides/'  except  that  the  striae  are  finer.  Such  ac- 
tion takes  place  almost  universally  in  our  hlack  carbonaceous  shales  of  all  ages  in 
the  palaeozoic  period ;  not  only  appearing  in  such  concretionary  masses  enclosing 
fossils  of  all  classes,  and  in  distinct  concretions,  but  also  marking  the  plane  shaly 
or  slaty  cleavages  where  there  is  no  evidence  of  metamorpbic  action,  and  where  the 
strata  are  in  nearly  a  horizontal  position.  In  all  these  cases  iron  pyrites,  or  some 
aiction  dependent  on  its  presence  or  production,  seems  to  perform  au  important 
part,  even  to  the  formation  of  pseuda>organic  forms. 

*  [At  these  figures  by  Mr.  Hall  closely  resemble  that  given  in  a  former  number 
of  the  Journal,  from  Mr.  Anthony's  specimen,  and  here  repeated,  fig.  2,  it  has  not 
teemed  necessary  to  engrave  them.  Mr.  Hall  also  sent  a  drawing  of  the  second 
tpecimen  of  Chemnitzia  mentioned  aboTe,  which  has  likewise  been  omitted. — Ed. 
Qum-t.  GeoL  Joum,] 

Ficr.  2. 
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Fig.  3  is  from  a  specimen  of  the  smaller  extremity  of  an  Orthoce- 
ras  which  has  heen  crushed,  and  hroken  along  the  centre,  and  where 
subsequent  action  has  caused  a  slight  accumulation  of  shaly  matter 
upon  the  shell,  showing  the  incipient  stage  of  these  sac-like  concre- 
tions. The  surface  is  striated  after  the  p^uliar  manner  of  these  con- 
cretions, and  a  few  of  the  septa  are  shown  in  the  middle  of  the  lower 
part  of  the  figure. 

Fig.  4  is  from  a  specimen  where  the  original  form  of  the  shell  of 
the  Orthoceras  is  lost,  and  the  accumidation  of  the  surrounding  ma- 
terial has  assumed  the  aspect  of  a  fleshy  sac  surrounding  the  tube  as 
the  external  fleshy  body  of  the  Orthoceras  is  supposed  to  envelope 
the  internal  shell. 

These  peculiar  results  of  concretionary  action  are  seen  in  the 
greatest  perfection  in  the  soft,  fine  shales  which  are  formed  fi-om  a 
sediment  of  impalpable  mud,  which  must  have  been  deposited  in  the 
most  quiet  waters,  as  evidenced  both  ft'om  its  character  and-  from  the 
perfect  preservation  of  almost  all  the  imbedded  fossils,  llie  perfect 
preservation  of  the  fossils  in  such  locahties  is  used  as  an  argument 
to  convince  us  that  these  soft  parts  may  be  preserved  ;  but  we  find 
similar  fossils  equally  well  preserved  in  calcareous  deposits,  while 
there  is  never  any  evidence  of  the  existence  of  the  softer  parts. 
Again,  in  Uiese  examples  the  shell  is  often  partially  or  entirety  de- 
stroyed by  the  action  of  acids,  apparently  resulting  from  the  decom- 
position of  iron  pyrites,  leaving  only  a  cast  of  the  interior.  In  the 
calcareous  deposits  of  the  Trenton  limestone,  the  Orthocerata  pre- 
serve their  deUcate  shell  in  great  perfection;  and  yet  among  the 
multitudes  thus  preserved,  we  find  no  appearance  of  the  preservation 
of  the  softer  parts  of  the  animal. 

Mr.  Anthony,  in  a  letter  of  January  1848,  called  my  attention  to 
the  paper  cited  above,  and  suggests  that  this  discovery,  which  seems 
so  well  sustained,  both  by  evidence  and  high  opinion,  conflicts  with 
the  views  I  have  expressed  in  my  *  Report  on  the  Palseontology  of 
New  York,'  vol.  i.  I  have  therefore  briefly  examined  the  facts  in 
relation  to  this  specimen,  and  the  conclusions  drawn  therefrom  ;  and 
I  must  leave  it  to  naturalists  to  decide  how  far  these  conclusions  can 
be  sustained,  or  whether  they  are  in  any  degree  impaired  by  the  ac- 
companying facts  and  illustrations. 

With  regard  to  the  opinions  on  the  Orthocerata  advanced  in  the 
work  just  cited,  I  am  far  ftom  being  anxious  to  sustain  them  at  the 
expense  of  truth,  or  by  the  concealment  or  abridgement  of  any  fact 
connected  with  the  subject.  I  have  there  expressed,  however  imper- 
fectly, the  results  of  my  observations  ;  and  I  have  even  hesitatea  to 
insist  upon  conclusions  which  the  facts  seemed  to  warrant.  While 
preparing  that  work,  I  examined  all  the  authorities  on  this  subject 
within  my  reach.  I  found  Httle  to  assist  me  in  regard  to  the  peculiar 
forms  and  arrangement  of  parts  of  those  species  peculiar  to  our  Lower 
Silurian  rocks,  and  was  forced  therefore  to  depend  on  my  own  inves- 
tigations. I  have  proposed  a  generic  name  (Endocercui),  mdicating 
a  peculiarity  in  the  mode  of  development  and  growth,  simply ;  while 
I  beUeve  the  facts  would  justify  a  still  wider  separation  than  that  of 
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generic  distinction.  The  specimens  indeed  reveal  to  us,  in  the 
clearest  manner,  a  feature  in  the  physiology, — a  mode  of  growth  and 
reproduction,  which  separates  them  widely  from  all  the  modem  ce- 
phalopods  ;  or  even  from  the  ancient  forms  having  the  usual  siphun- 
calar  and  septate  arrangement  of  recent  species*.  If  the  characters 
there  given  can  he  reconciled  with  the  theory  of  a  large  external  soil 
amimiJ,  enclosing  the  shell,  the  question  may  remain  in  its  present 
undecided  state ;  hearing  on  one  side  the  array  of  facts,  and  on  the 
other  the  theoretical  views  of  naturahsts,  deduced  from  those  modem 
cephalopods  possessing  few  characters  in  common  with  these  ancient 
forms. 


2.  On  Slaty  Cleavage  (second  communication).  By  Daniel  Sharps, 

Esq.,  F.G.S. 

In  a  paper  read  to  the  Geological  Society  on  the  2nd  of  December 
1846,  on  the  cleavage  of  slate  rocksf,  I  endeavoured  to  work  out 
certain  general  laws  relative  to  the  compression  which  such  rocks  had 
undergone,  to  the  position  of  the  planes  of  cleavage,  and  to  the  con- 
nection between  their  direction  and  the  elevation  of  the  beds.  The 
conclusions  were  founded  upon  observations  chiefly  made  in  North 
Wales,  Devonshire  and  Comwall :  I  have  since  visited  parts  of  West- 
moreland and  Cumberland,  with  the  view  of  enlar8;ing  the  field  of 
observation,  and  the  residt  is  contained  in  the  following  remarks, 
which  are  thrown  into  the  order  adopted  in  the  former  paper. 

Campresnon  of  slate-rocks  in  a  direction  perpendicular  to  the 
planes  of  cleavage, — In  the  former  paper,  p.  87,  I  stated  that  in  all 
the  slahr  fossiliferous  rocks  examined,  the  distortion  of  the  fossils 
proved  that  the  mass  of  the  rocks  had  undergone  considerable  com- 
pression in  a  direction  everywhere  perpendicular  to  the  planes  of 
cleavage,  and  some  expansion  in  the  direction  of  the  dip  of  the 
cleavage ;  but  that  there  was  no  reason  to  suppose  that  the  rocks 
had  suffered  any  change  of  volume  in  the  direction  of  the  strike  of 
the  cleavage.  And  it  was  inferred  that  these  changes  must  be  gene- 
ral in  all  slaty  rocks,  although  it  might  not  be  easy  to  find  proofs 
that  they  had  occurred,  where  organic  remains  were  absent. 

There  is  however  more  evidence  of  compression  to  be  found  among 
the  beds  of  unfossiliferous  slate  than  might  have  been  expected ; 
and  the  examination  of  their  mechanical  structure  affords  quite  as 
strong  proofs  of  pressure  as  those  derived  from  the  distortion  of  the 
organic  remains. 

In  the  neighbourhood  of  the  roofing-slates  there  are  frequently 
found  beds  of  a  brecciated  structure  which  cleave  readilv,  but  from 
their  irregular  composition  are  liable  to  break.      Such  beds  are 

*  The  modem  Cephalopod,  Nautilut  Pompiliu$f  the  anatomy  of  which  is  so  well 
known  from  the  labours  of  Prof.  Owen,  affords  little  or  no  assistance  in  enabling 
us  to  fbnn  condosions  as  to  the  physiology  and  habits  of  animals  like  those  in- 
habiting the  shells  of  Endocerai. 
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largely  exposed  in  the  upper  part  of  the  quarries  of  green  slate  at 
Patterdale,  and  in  the  Langdale  quarries  and  many  other  places 
in  Westmoreland  and  Cumberland.  In  all  these  slaty  breccias,  the 
included  masses  are  flatter  between  the  planes  of  cleavage  than  in 
any  other  direction.  Their  irregular  forms  prove  them  to  have  been 
imbedded  pebbles  or  fragments,  and  cannot  be  explained  by  reference 
to  crystalliEation :  indeed  they  have  rarely  any  crystalline  character, 
but  consist  of  slate,  differing  more  or  less  in  grain,  colour  and  hard- 
ness from  the  matrix  in  which  they  are  imbedded.  In  the  localities 
mentioned,  the  bedding  is  most  distinctly  marked,  and  we  can  judge 
with  certainty  of  the  position  of  the  fragments  with  reference  to  it : 
if  they  had  been  originally  flat  pieces  of  slate  accidentally  deposited, 
we  should  find  them  lying  on  their  flat  sides  in  the  bed,  but  this  is 
not  the  case  ;  their  flattest  sides  are  always  parallel  to  the  cleavage- 

E lanes,  and  consequently  where  the  cleavage  cuts  the  bedding  at  a 
igh  angle,  as  is  the  case  in  aU  the  Langdale  quarries,  and  in  some 
of  those  at  Patterdale,  these  thin  masses  appear  to  be  standing  up- 
right in  the  bed  on  their  edges ;  a  position  which  they  never  could 
have  reached  if  their  forms  had  been  originally  those  we  now  find. 
We  can  only  explain  the  circumstances  by  supposing  that  these 
masses  were  flattened  when  the  rock  was  subjected  to  a  pressure 
which  acted  in  a  direction  perpendicular  to  the  planes  of  cleavage. 

When  we  examine  the  outline  of  these  imbedded  masses,  as  it  is 
seen  on  the  face  of  a  sheet  of  slate,  we  usually  find  them  to  he  rather 
longer  down  the  dip  of  the  cleavage  than  across  it  or  along  its  strike : 
this  confirms  the  opinion  that  the  rocks  have  expanded  in  the  direc- 
tion of  the  dip  of  the  cleavage. 

As  we  do  not  know  the  original  forms  of  the  imbedded  fragments, 
we  can  only  guess  at  the  amount  of  compression  they  have  under- 
^ne ;  but  we  may  be  certain  that  it  has  been  very  considerable,  for 
lu  many  locahties  their  thickness  between  the  cleavage-planes  is 
seldom  equal  to  half  their  diameter  as  seen  on  the  planes  of  cleavage. 

To  illustrate  the  forms  of  the  fragments  imbedded  in  the  brecdated 
slates,  I  have  added  two  sketches  of  a  piece  of  slate  from  the  Patter- 
dale quarry. 

Fig.  1  is  taken  from  the  surface  of  the  plane  of  cleavage  showing 
the  largest  and  flattest  side  of  all  the  fragments,  which  are  longest  in 
the  direction  of  the  dip  of  the  cleavage  y  y.  Fig.  2  shows  the  side 
of  the  same  sheet  of  slate  with  all  tne  fragments  flattened  between 
the  planes  of  cleavage.  The  lines  a^a  represent  the  planes  of  bed- 
ding, with  a  considerable  dip. 

Between  the  well-marked  slates  and  the  great  bands  of  porphyritic 
rocks  which  traverse  the  "  green  slate  '*  district  of  the  Lakes,  there 
are  extensive  masses  of  metamorphic  rocks  more  or  less  cnrstalline, 
which  appear  to  have  been  sedimentary  deposits  altered  by  the  neigh- 
bouring igneous  action.  In  these  rocks  tne  cleavage  is  usually  well- 
marked,  and  the  beddine  can  frequently  be  distinctly  traced.  But 
the  nearer  we  approach  the  axis  of^igneous  action,  the  more  obscure 
do  we  find  the  bedding,  till  it  is  gradually  lost ;  the  cleavage  then 
becomes  more  faint,  and  we  soon  reach  a  mass  of  crystalline  rock 
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without  either  bedding  or  cleavage.  Many  of  these  meCamorphic  slates 
-^_    __- 1^  .  .    «      ^     ,        *ated  structure,  and  contain 

appear  to  be  fhigments  of 


^pear  to  have  been  originally  of  a  brecciated  structure,  and  contain 
a  confosed  mixture  of  crystals  with  what 


Fig.  1. 


Fig.  2. 


foreijg:n  origin.  In  slaty  rocks  of  this  description  all  the  enclosed 
portions  which  can  be  supposed  to  have  had  a  mechanical  origin  are 
flattened  between  the  pbines  of  cleavage,  but  nothing  of  the  sort  can 
be  observed  of  the  ciystals,  which  are  scattered  tfajrouffh  the  mass 
without  any  reference  to  the  deavage-pbmes  either  in  their  form  or 
position. 

In  good  roofing-slates,  which  are  distinguished  by  the  fineness  and 
uniformity  of  theur  grain,  it  is  difficult  to  observe  the  forms  of  the 
parts  of  which  they  are  composed :  yet  even  in  these,  with  the  assist- 
ance of  a  lens,  we  can  see  that  the  constituent  particles  are  flattest 
between  the  cleavage-pbmes,  and  longest  alouff  the  dip  of  the  cleavage. 
Thus,  under  whatever  circumstances  we  are  fu>le  to  observe  the  forms 
of  the  component  parts  of  slate,  or  of  the  foreign  bodies  contained  in 
it,  (whether  these  are  pebbles,  fragments  of  other  rocks,  or  organic 
remains,)  we  find  evidence  that  the  mass  has  been  compressed  by  a 
force  which  has  acted  in  a  direction  perpendicular  to  tne  planes  of 
cleavage. 

The  distinctive  character  of  slate  appears  to  be  that  it  is  composed 
of  particles  of  a  form  more  or  less  amygdaloidal,  arranged  in  a  sunilar 
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direction.  Its  tendency  to  split  with  different  d^;rees  of  resistance 
in  different  directions  is  the  consequence  of  this  arrangement  and 
form  of  its  constituent  parts,  and  b  therefore  only  a  secondary  cha- 
racter. 

Tivo  planes  of  cleavage  in  slate. — In  preparing  slates,  the  first 
process  is  to  split  them  along  the  planes  of  cleavage  to  the  thickness 
required,  they  are  then  to  he  cut  to  size ;  most  slates  of  good  quality 
can  be  split  tolerahly  straight  down  the  sides  of  the  sheet  by  apply- 
ing the  tool  at  the  top,  from  which  we  see  that  besides  the  true  or 
prmcipal  planes  of  clearage,  there  is  also  another  direction  in  which 
the  rock  nas  a  tendency  to  split  in  a  slighter  degree ;  this  may  be 
called  the  plane  of  secondary  cleavage ;  the  workmen  call  it  the  '*  side 
of  the  sheet."  The  ends  of  the  sheet  must  be  chipped  or  sawed  to 
the  size  required,  as  the  rock  will  not  split  at  all  in  this  direction, 
which  is  across  both  the  other  planes  of  cleavage  :  in  fact  it  will  give 
way  in  any  other  direction  more  easily  than  in  this,  which  may  be 
called  the  plane  of  greatest  resistance. 

A  diagram  will  make  this  more  intelligible,  and  will  also  explain 
pjg  3^  '  the  relation  which  these  va- 

^  '  rious  planes  have  to  the  po- 

^  sition  of  the  constituent  par- 
ticles of  the  slate.  Let  us 
suppose  fig.  3  to  represent  a 
block  of  slate,  of  which  abed 
is  one  of  the  planes  of  clea- 
vage, ad  and  be  showine  the 
dip,  a  b  and  dc  the  strike  of 
the  cleavage;  beg/ ia  the 
plane  of  secondary  cleavage, 
a  bfe  is  the  plane  of  greatest 
resistance.  The  component 
parts  of  the  rock  are  repre- 
sented enlarged,  of  an  almond 
^  shape,  with  their  largest  and 
flattest  sides  parallef  to  the 
true  cleavage-plane  abed,  and  with  their  longest  diameters  in  the 
direction  of  the  dip  of  the  cleavage  a  d. 

It  is  obvious  that  with  such  a  distribution  of  its  particles,  the  rock 
can  offer  less  resistance  to  an  attempt  to  split  it  down  the  plane  of 
cleavage  abed,  than  in  any  other  direction  ;  for  that  plane,  and  all 
planes  parallel  to  it,  pass  along  the  flat  surfaces  of  many  of  the  par- 
tides,  and  intersect  a  smaller  number  of  them  than  any  other  plane 
which  can  be  drawn  through  the  block. 

Next  to  the  true  cleava^plane,  the  direction  in  which  the  rock 
will  offer  least  resbtance  is  alone  the  planes  of  secondary  cleavage 
b/g  e,  for  the  particles  being  all  lengthened  in  that  direction,  it  iSl 
more  readily  separate  down  that  plane  than  in  any  cross  direction. 
Nevertheless  the  cleavage  along  these  planes  is  very  imperfect,  and 
the  sheets  often  fly  off  in  a  curve  instead  of  splitting  straight  down. 
In  any  other  direction  the  particles  must  from  their  form  and  po- 
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sition  offer  greater  resistance  than  along  the  two  directions  just  men- 
tioned, but  the  greatest  resistance  will  be  along  the  plane  a  hfe  and 
all  plimes  parallel  to  it,  as  they  have  to  cut  through  a  greater  number 
of  the  constituent  almond-slumped  particles  of  the  rock  than  any  others : 
these  therefore  are  the  planes  of  greatest  resistance.  In  the  auarries 
in  Langdale  these  planes  are  partulel  to  the  bedding,  nevertheless  the 
rock  will  not  split  along  them. 

In  spUtting  up  slate,  the  workmen  have  observed  that  the  sheets 
will  bear  a  greater  force  without  breaking,  when  the  tool  is  appUed 
"  at  the  end^'  of  the  sheet,  than  if  it  is  applied  "  at  the  side."  This 
is  an  illustration  of  what  has  just  been  stated ;  when  the  tool  is  ap- 
plied at  the  end  of  the  sheet,  it  opens  the  slate  down  the  dip  of  the 
cleavage-planes,  and  produces  a  strain  on  the  sheet  in  the  direction 
of  its  greatest  power  of  resistance ;  but  when  the  tool  is  applied  *'  at 
the  side  "  of  the  sheet,  the  strain  falls  along  the  planes  of  secondary 
deavage,  and  the  sheet  easily  breaks. 

Slate-peneil  Rock, — Slate-pencils  are  cut  from  a  slate  which  is 
soft  enough  not  to  scratch,  and  which  can  be  split  down  the  planes 
of  secondary  cleavage  with  nearly  the  same  facility  as  along  the  true 
cleavage.  The  latter  character  is  not  common.  There  are  two 
quarries  near  the  village  of  Shap  which  have  long  been  worked  for 
pencils,  but  the  manufacture  has  declined  in  consequence  of  the 
softer-grained  pencils  imported  from  Holland  being  preferred. 

The  Southern  Quarry  is  on  Thornthwaite  Gill  in  Ralphland,  about 
a  mile  and  a  half  west  of  Shap.  The  rock  is  the  Skiddaw  slate,  ap- 
parently hardened  from  its  proximity  to  the  Shap  granite  ;  the  beds 
strike  N.E.,  and  dip  to  the  N.W.  at  about  60°  :  they  contain  many 
layers  of  large  ferruginous  clay  nodules;  the  principal  cleavage  co- 
incides with  the  beading  and  dips  N.W.  60  ,  which  b  about  the 
usual  direction  of  the  cleavage  along  that  line  of  beds :  the  secondaiy 
cleavage  is  nearly  at  right  angles  to  the  true  cleavage,  and  dips  S.£. 
between  20°  and  30^ 

The  other  quarry  is  on  Rosgill  Moor,  between  two  and  three  miles 
north  of  the  former,  and  about  three  miles  north-west  of  Shap ;  the 
rock  is  a  soft  black  clay-slate,  readily  decomposing  from  exposure, 
and  containing  beds  of  large  ferruginous  clay  nodules  :  it  belongs  to 
the  Skiddaw  slate,  and  agrees  in  im  its  mineral  characters  with  the 
upper  part  of  that  formation  as  seen  near  Keswick.  The  beds  dip 
N.E.  30°  5  the  principal  cleavage  dips  N.  by  W.  60°,  the  secondary 
cleavage  dips  S.  by  E.  15°.  In  both  these  quarries  the  beds  are  in- 
tersected by  a  remarkable  number  of  joints  cutting  throiigh  them  in 
various  directions.  At  Rosgill  Moor  the  weathered  surfaces  of  rock 
break  up  along  both  the  planes  of  cleavage,  and  the  sides  of  the 
quarry  present  the  ends  of  innumerable  four-sided  prisms  of  slate, 
nom  a  quarter  to  half  an  inch  square,  resembling  those  cut  by  the 
workmen  to  make  pencils  from ;  m  this  the  pendl-rock  contrasts  with 
the  ordinary  slate  rocks  which  when  weathered  break  up  into  thin 
sheets. 

I  was  anxious  to  examine  all  the  circumstances  connected  with 
pencil-rock,  in  hopes  of  finding  the  cause  of  the  peculiar  development 
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of  the  secondary  cleavage,  but  the  sitoatioii  of  the  quarries  near  Shap 
is  very  unfaTOorable  to  such  an  object,  and  I  could  not  learn  of  any 
other  similar  rock  in  the  district.  The  quarries  are  worked  on  low 
moon  where  very  little  of  the  rock  is  exposed  for  several  miles  round, 
and  little  can  be  seen  of  its  rdations  to  the  neighbouring  beds. 
Judging  from  analogy  with  the  supposed  cause  of  the  principal 
cleavage,  it  may  be  conjectured  that  tne  secondary  cleavage  is  due  to 
a  second  compression  which  the  rock  has  undereone  in  a  different  di- 
rection from  the  first.  This  is  in  harmony  with  the  position  of  the 
Shap  pencil-rock,  between  two  great  masses  of  erupted  rocks  of  dif- 
ferent dates,  the  granite  of  Wastdale  Head  on  the  south,  and  the 
porphyritic  bands  on  the  north ;  and  is  confirmed  by  the  numerous 
joints  observed  in  the  quarries,  which  show  that  the  rock  has  under- 
gone great  and  oompUcated  pressure. 

Cleavage  not  connected  with  cryttaUigation. — In  the  rocks  ex- 
amined, I  could  find  no  connection  between  crystallisation  and  clea- 
vage ;  on  the  contrary,  everything  tended  to  show  that  the  cleavage 
has  been  produced  by  causes  solely  mechanical.  In  many  of  the 
beds  of  slate  there  are  cubical  crystals  of  iron  pyrites  scattered  through 
the  rock  without  any  reference  to  the  direction  of  the  cleavage  :  va- 
rious riiomboidal  crystals  of  different  minerals  also  occur  in  slate,  bat 
I  have  seen  no  instance  of  their  sides  being  based  on  the  cleavace- 
planes,  or  of  their  having  any  definite  position  in  the  rock.  In  unt 
chiastolite  slate  of  Skiddaw,  the  long  prisms  of  chiastolite  traverse 
the  rock  in  all  directions,  without  showmg  any  preference  either  f(Mr 
the  planes  of  bedding  or  cleavage. 

But  the  most  conclusive  evidence  is  found  in  the  altered  slates 
resting  on  the  igneous  rocks,  in  which  the  original  mechanical  struc- 
ture of  the  rock  is  seen  in  combination  with  a  considerable  d^pree  of 
crystallization.  In  these  rocks,  which  are  common  in  the  gre^ 
slate  district,  all  the  mechanical  portions  of  the  rock  appear  to  nave 
been  compressed  between  the  planes  of  cleavage,  but  me  crystalline 
portions  are  quite  independent  of  the  cleavage,  both  in  position  and 
form. 

Moreover,  in  tracing  the  gradual  change  of  character  as  we  pass 
firom  true  slates,  through  the  metamorphic  rocks  to  those  of  decidedly 
igneous  origin,  we  always  find  the  cleavage  more  developed  in  pro- 
portion as  the  rock  is  least  crystalline.  In  the  best  roofing-slate, 
where  the  cleavage  is  strongest,  there  is  no  trace  of  crystallisation : 
in  the  metamorphic  slates  Uie  cleavage  is  fainter  in  proportion  as  the 
crystals  in  them  are  more  abundant ;  and  on  reaching  a  thorough^ 
crystalline  rock,  we  lose  the  cleavage  entirely.  This  alone  is  a  som- 
cient  proof  that  the  cleavage  had  an  origin  unconnected  with  crystal- 
lization. 

There  are  apparent  exceptions  to  the  above  remarks  in  the  thin 
laminse  of  talc  and  mica  which  are  found  lying  along  the  deava^ 
planes  of  certain  slates ;  for  although  those  laminae  have  no  definite 
form,  their  segregation  from  the  mass  of  the  rock  is  undoubtedlv  a 
process  approaching  to  crystallization.  Probably  the  reason  that 
they  have  been  formed  on  the  planes  of  cleavage  is,  that  the  rock 
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separated  more  readily  on  those  planes  than  elsewhere,  and  thus  ad- 
mitted them  to  form  along  them.  If  this  he  true,  the  laminae  of  talc 
and  mica  mnst  have  heen  formed  after  the  cleavage,  and  present  no 
contradiction  to  the  views  previously  stated. 

Irregularitie9  in  the  direction  of  the  cleavage-planee. — There  are 
occasional  irregularities  in  the  direction  of  the  cleavage  which  should 
be  studied,  as  they  may  assist  our  search  after  the  general  laws  which 
have  regulated  its  arrangement.  Some  of  these  are  mentioned  hy 
Mr.  PhSlips  in  the  Report  of  the  British  Association  at  Ck)rk  in  1843, 
p.  60,  and  other  cases  have  heen  mentioned  to  me  verhally  hy  that 
gentleman. 

In  one  of  the  slate-quarries  at  Patterdale,  a  sheet  of  quartz  ahout 
an  inch  thick  Ues  between  two  beds  of  slate  :  the  cleavage  does  not 
pass  into  the  quartz,  and  the  planes  of  cleavage  are  slightly  bent  out 
of  their  course  into  a  curve  on  each  side  of  the  quartz  bed,  as  shown 
in  figure  4. 

Fig.  4. 


Here  the  lines  A  A  and  a  a  represent  the  surfaces  of  the  dififerent 
beds  of  slate  dipping  to  the  north  at  an  angle  of  45° ;  Q  Q  is  a  bed  of 
quartz  interstratified  in  the  rock.  The  upright  lines  represent  the 
deavage-planes  which  dip  N.  25°  W.  85° :  thejr  do  not  enter  the 
sheet  of  quartz,  and  appear  slightly  deflected  by  it  on  each  side  for 
the  distance  of  about  two  inches.  The  surfaces  of  the  beds  a  a  are 
not  flat,  but  are  slightly  waved  in  parallel  lines  coincident  with  the 
strike  of  the  cleavage,  a  peculiarity  to  which  we  will  return  shortly. 

In  one  of  the  Langdale  quarries  there  is  a  similar  bending  of  the 
cleavage  against  a  sheet  of  quartz  which  cuts  through  the  bedding 
along  a  joint  in  the  rock  :  the  circumstances  are  so  nearly  the  same, 
that  it  b  not  necessary  to  add  another  drawing. 

Such  irregularities  are  of  frequent  occurrence,  and  their  cause  is 


Digitized  by  VjOOQIC 


118  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [Nov.   1, 

obviously  mechanical ;  the  resistance  offered  by  the  oblioue  sheet  of 
quartz  to  the  pressure  forward  of  the  mass,  has  caused  tne  bending 
of  the  sheets  of  slate  at  the  ends  which  abut  against  the  quartz. 

A  slight  change  in  the  direction  of  the  clea- 
Fig.  5.         yage  may  frequently  be  obserred  in  its  passage 
from  one  bed  of  rock  to  another,  arising  pro- 
bably from  beds  of  different  hardness  ofTering 
different  degrees  of  resistance  to  pressure. 

Figure  5  represents  the  section  of  a  fragment 
of  slate  from  Lanedale,  in  which  the  thin  beds 
a  a  and  bbaie  rather  softer  than  the  other  beds 
ce;  the  lines  yy  show  the  direction  of  the 
planes  of  cleavage,  which  are  perpendicular  in 
passing  through  the  beds  c  c,  but  dip  80°  to  the 
southward  in  the  beds  a  a  and  bd,  the  beds 
dipping  to  the  north  at  an  angle  of  60^. 

Here  the  change  in  the  direction  of  the 
cleavage  in  passing  from  bed  to  bed  is  fully 
10°,  which  is  an  unusual  amount  of  deviation ; 
but  a  variation  of  two  or  three  degrees  under 
such  circumstances  is  often  met  with.  The 
cause  of  these  irregularities  must  also  be  me- 
chanical. 
The  surface  of  particular  heds  of  slate  is 
'  sometimes  found  broken  up  into  a  series  of 
steps  parallel  to  the  strike  of  the  cleavage: 
the  front  of  each  step  is  formed  by  the  plane 
of  cleavage,  and  the  top  by  a  portion  of  the 
bed  which  has  been  displaced  from  its  original 
position  and  appears  to  Ue  at  an  angle  towards 
the  original  plane  of  bedding. 
Fig.  6  represents  the  section  of  a  fragment  of  slate  from  the 


"  Pilton  beds  "  two  miles  north  of  Barnstaple^  the  upper  broken 
line  a  a  shows  the  present  form  of  the  surface  of  a  bed  covered  with 
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organic  remains.     The  lines  y  y  show  the  direction  of  the  cleavage- 
planes.     The  plane  of  bedding  a  a  has  been  broken  into  a  verv  irre- 
gular series  of  steps  by  some  force  which  has  either  moved  each 
Fig.  7.  sheet  of  slate  forward  in  ad- 

vance of  its  neighbour,  or  has 
caused  an  uneven  expansion 
of  the  narts  of  the  rock.  The 
fossils  nave  suffered  from  this 
movement  of  the  surface. 
The  whole  bed  is  covered  by 
small  irregular  ridges  paraUel 
to  the  cleavage,  whicn  make 
it  impossible  to  measure  the 
angles  accurately. 

In  figure  7y  aa  represents 
the  section  of  the  surface  of 
a  bed  of  black  calcareous 
slate  in  the  Bickineton  lime- 
stone quarry.  North  Devon, 
which  IS  bent  over  in  a  steep 
arch,  and  dips  rapidly  to  the 
north;  it  is  intersected  by 
cleavage  y  y,  dipping  nearly 
70''  to  the  south.  In  this 
instance  the  surface  of  the 
bed  a  a  is  bent  into  parallel 
waves  without  its  continuity 
being  broken:  but  the  out- 
lines of  the  beds  below  bb 
and  c  c  may  be  traced  in  the 
solid  rock  unchanged ;  so  that 

the  disturbance  of  the  surface  seems  only  i6  have  taken  place  where 

the  looser  packing  of  the  rocks  allowed  room  for  some  play  of  their 

parts. 

Figure  8  represents  another  case  of  the  same  kind,  observed  in  the 

Brathay  flagnstone  ouarry  near  Ambleside  ;  a  a  being  the  surface  of 

a  bed,  and  y  y  the  planes  of  cleavage. 

Fig.  8. 


In  cases  like  the  last  two,  the  whole  surface  of  the  beds  a  a  is 
covered  with  irregular  flutings  running  in  the  direction  of  the  strike 
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of  the  cleaTage :  such  flutings  vary  in  width  from  a  firaction  of  an 
inch  to  six  inches  or  more>  and  they  are  usually  closer  together  in 
the  slates  of  finest  grain,  in  which  the  whole  suiface  of  the  beds  is 
sometimes  roughened  by  numerous  ridges  parallel  to  the  strike  of  the 
cleavage ;  in  such  cases  it  is  useless  to  search  for  fossils,  for  if  they 
ever  existed,  they  must  have  been  chopped  up  and  destroyed  in  the 
change  of  surface  of  the  bed.  Similar  flutings  and  ridges  are  also  to 
be  seen  on  the  sides  of  many  open  joints  as  well  as  on  the  beds. 

There  seems  here  to  have  been  an  irregular  expansion  of  the  rock, 
owing  to  a  softer  and  more  yielding  bed  or  an  open  crack  affording 
less  resistance  to  the  pressure  it  has  been  proved  to  have  nndergone. 
More  numerous  observations  are  required  Wore  we  can  explain  the 
changes  that  have  taken  place ;  but  it  may  be  inferred  that  these 
changes  were  connected  with  the  cleavage,  because  the  direction  of 
the  nutines  and  ridges  on  the  surface  always  corresponds  with  the 
strike  of  tne  cleavage. 

Arrangement  of  the  cleavage-planes  in  the  Cumbrian  mountedtUf 
and  their  relation  to  the  position  of  the  beds, — ^Although  my  pre- 
sent object  only  relates  to  the  cleavage  of  the  Cumbrian  district,  it  is 
necessary  to  give  a  slight  sketch  of  the  position  of  the  strata  to  show 
the  connection  between  the  arrangement  of  the  cleavage-planes  and  the 
elevatory  movements  which  the  rocks  have  undergone :  this  is  derived 
firom  Professor  Sedgwick's  various  accounts  of  the  geology  of  the 
Lake  district*,  combined  with  my  own  observations  in  various  parts 
of  it. 

The  mountainous  district  occupied  by  the  Skiddaw  slate  and  the 
g^reen  slate,  bounded  on  the  north  by  the  mountain  limestone,  and  on 
the  south  by  the  Ck)niston  slate  and  Umestone,  appears  to  consist  of 
two  great  areas  of  elevation  of  about  equal  extent,  separated  by  a  line 
running  about  W.S.W.  to  E.N.E.  from  Wastwater  across  Borrow- 
dale,  and  passing  a  tittle  to  the  north  of  Scawfell  and  Helvellynf . 

The  position  of  the  beds  throughout  the  northern  area  is  tolerably 
regular,  as  they  dip  away  from  an  anticlinal  axis  on  the  north  of 
Skiddaw  which  passes  through  the  sienite  of  Carrock  Fell.  The 
structure  of  the  southern  area  is  more  compticated,  and  appears  to 
have  been  determined  by  several  elevating  forces  connected  with  the 
eruptions  of  the  great  bands  of  porphyry  which  traverse  that  part  o{ 
the  country,  and  of  the  granites  of  Wastdale  Head,  Booth,  &c.  As 
the  circumstances  attendmg  the  position  both  of  the  beds  and  of  the 
cleavage  in  the  two  areas  are  very  different,  they  will  be  described 
separately. 

Northern  area  of  elevation. — ^The  two  sections  Nos.  1  &  2  drawn 

*  Sedgwick's  Introdaction  to  the  Genenl  Stmcttire  of  the  Cambrian  Moun- 
tains, Tnns.  Geol.  Soc.  2nd  series,  voL  iv.  p.  47 ;  On  the  Fossiliferous  Slates  of 
Cnmberland,  &c.,  Journ.  of  Geol.  Soc.  voL  iL  p.  106 ;  and  Letters  to  Wordsworth, 
published  in  the  3rd  edition  of  Wordsworth's  Guide  to  the  Lakes. 

t  In  dividing  the  Lake  district  into  two  areas  of  elevation,  I  am  departing  from 
the  guidance  of  Professor  Sedgwick,  who  has  given  a  section  from  Kendal  to  the 
Eden  vrith  a  single  axis  of  elevation  on  the  north  of  Skiddaw  (Journ.  of  Geol.  Soc. 
vol.  U.  p.  106). 
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through  Skiddaw  illustrate  this  district ;  No.  1  shows  the  positioQ 
of  strata,  and  No.  2  the  dip  of  the  planes  of  cleavage,  along  the  same 
line  of  section  from  the  mountain  limestone  of  Uldale  on  the  north  to 
the  middle  of  Borrowdale,  where  a  change  of  dip  of  the  beds  indicates 
the  commencement  of  another  area  of  elevation. 

The  axis  of  this  northern  area  consbts  of  the  sienite  of  Carrock 
Fell  and  of  sandy  bands  and  dykes  of  igneous  rocks  of  Tarioos  cha- 
racters running  to  the  westward  nearly  as  far  as  the  foot  of  Bassen- 
thwaite  Water :  on  both  sides  of  this  axis  the  beds  of  slate  dip  away 
from  the  igneous  rocks  at  nearly  the  same  angle. 

From  the  anticlinal  axis  at  Carrock  Fell  to  Rossthwaite  in  Borrow- 
dale,  the  beds  dip  constantly  to  the  southward  (between  S.  1 5®  E.  and 
S.  30^  £.)  ;  the  distance  is  twelve  miles,  which  is  the  semidiameter  of 
the  area  of  elevation.  The  series  of  beds,  commencing  with  the 
lowest,  is  as  follows : — 

1.  Skiddaw  Slate,  viz. — 

a.  Black  clay-slate  with  crystals  of  chiastolite  in  all  the  northern 
half  of  Skiddaw  and  Saddleback  :  the  chiastolite  seems  to  be  due  to 
the  neighbouring  igneous  a^ncy,  as  the  western  continuation  of  the 
same  beds  near  Bassenthwaite  consists  of  soft  brown  clay-slate  with- 
out chiastolite.  In  Skiddaw  these  beds  dip  S.  30^  £.  45^  and  the 
cleavage  coincides  both  in  dip  and  strike  with  the  bedding. 

b.  Hard  black  clay-slate,  forming  the  northern  part  of  Skiddaw, 
where  it  dips  S.  30°  E.  30°,  with  a  cleavage  which  dips  S.  30°  E.  50°. 

e.  Rotten  dark  brown  clay-slate,  with  layers  of  ferruginous  clay 
nodules  approaching  a  clay  ironstone.  This  forms  the  lower  hill  of 
Latrigg  and  the  valley  of  Keswick :  the  beds  dip  S.  30^  E.  30°,  and 
the  cleavage  dips  S.  30°  E.  60°. 

2.  Green  slate,  which  overUes  the  Skiddaw  slate  in  the  first  high 
hills  on  the  sides  of  Derwentwater.  It  is  usually  either  a  hard  gritty 
siliceous  rock  of  a  light  grey  colour,  unfit  for  use  as  slate,  or  a  roofing- 
slate  of  light  greenish  tint,  somewhat  approaching  steatite  in  its  softer 
beds,  and  containing  numerous  plates  of  dark  green  indurated  talc  on 
the  surface  of  the  planes  of  cleavage.  Many  beds  are  brecdated,  the 
foreign  masses  usually  consbting  of  slate  dinering  in  colour  and  hard- 
ness from  the  matrix.  On  the  line  of  the  sections  Nos.  1  &  2,  the 
green  slate  is  interrupted  by  two  bands  of  porphyry,  which  alter  the 
character  of  the  slates  near  them  without  disturbing  the  direction  of 
the  beds  or  cleavage :  one  of  these  bands  crosses  Derwentwater  near 
its  head,  the  other  crosses  Borrowdale  at  the  Castle  Hill. 

At  the  side  of  Derwentwater  the  green  slate  dips  about  S.  30°  £.  30°, 
the  cleavage  dipping  S.  1 5°  E.  70°.  A  little  way  up  Borrowdale  the  slate 
is  quarried  on  a  large  scale,  it  here  dips  S.  15°  E.  30°,  and  the  clea- 
vage dips  S.  15°  E.  75° ;  near  Rossthwaite  the  beds  dip  S.  15°  E.  25°, 
and  the  cleavage  dips  S.  15°  E.  85° :  just  beyond  this  spot  the  dip  of 
the  beds  changes  to  the  west  of  north,  and  the  cleavage  is  perpendi- 
cular ii?ith  a  strike  of  N.  65°  E.  The  line  which  separates  the  two 
great  areas  of  elevation  of  the  Lake  Mountains  passes  here,  and  the 
position  of  the  beds  to  the  south  of  it  must  be  explained  by  examimng 
the  forces  which  have  acted  farther  south. 
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Starting  from  the  anticliiial  axis  north  of  Skiddaw,  the  elevation  of 
the  beds  has  gradually  diminished  as  they  are  farther  from  the  axis, 
from  an  angle  of  45°  to  one  of  25° ;  a  result  which  agrees  with  the 
ordinary  phaenomena  of  elevation,  which  diminish  in  amount  in  pro- 
portion to  the  distance  from  the  elevating  power.  But  the  angle  of 
mdination  of  the  cleavage-j^lanes  has  increased  as  they  recede  from 
the  axis  from  45°  to  90°,  being  lowest  at  the  axis,  and  perpendicular 
exactly  on  the  line  where  the  elevating  force  ceases  to  act,  or  is 
neatoidized  by  meeting  an  opposing  force  proceeding  from  another 
axis  of  elevation.  This  is  so  precisely  analogous  to  the  two  cases  de- 
scribed in  my  former  paper  as  occurring  in  North  Wales  and  Devon- 
shire (pp.  90  and  94),  as  to  make  it  probable  that  wherever  the  beds 
throu^out  a  large  area  are  elevated  from  a  single  axis,  the  cleavage 
will  be  found  to  be  arranged  in  an  arch  over  that  axis,  with  an  in- 
crease >of  elevation  from  the  axis  to  the  boundary  of  the  area  of  eleva- 
tion, on  which  line  we  mav  expect  to  find  it  perpendicular. 

On  the  northern  side  of  the  area,  the  Skiddaw  slate  is  only  visible 
for  a  breadth  of  one  or  two  miles  on  the  north  of  the  igneous  axis  of 
Carrock  Fell ;  beyond  that  distance,  both  that  and  all  the  rest  of  the 
older  formations  are  covered  up  by  an  overlap  of  the  mountain  lime- 
stcHie,  which  is  nearly  horizontal,  and  rests  unconformably  on  the 
Skiddaw  slate,  which  dips  N.  25°  W.  40°,  being  a  dark  brown  clay- 
slate  without  chiastohte ;  the  cleavage  dips  N.  25°  W.  30°,  being  less 
inclined  than  the  bedding,  which  is  rare  in  the  north  of  England, 
though  of  conmion  occurrence  in  Cornwall  and  Devonshire. 

From  the  mountain  limestone  of  Uldale  and  Hesket  Newmarket 
covering  up  and  concealing  the  older  formations  to  the  northward, 
we  are  prevented  from  seeing  the  rest  of  that  side  of  the  area  of  eleva- 
tion ;  but  enough  is  visible  to  show  us  that  the  Carrock  Fell  sienite 
b  the  axis  of  the  elevation  both  of  the  beds  and  of  the  cleavage  of  the 
area. 

Southern  area  of  elevation, — The  Sections  3  and  4  are  drawn 
along  the  same  line  through  the  middle  of  the  southern  portion  of  the 
slate  district  of  the  Lakes,  and  are  arranged  on  the  same  principle  as 
the  former  sections ;  No.  3  showing  the  position  of  the  strata,  and 
No.  4  the  dip  of  the  cleavage-planes.  They  commence  on  the  north 
of  Hehrellyn  at  the  porphyry  of  Greenside,  which  is  on  the  hue  of 
separation  between  tne  two  areas  of  elevation  of  the  district,  and 
extend  southward  to  Bowness,  beyond  which  place  the  cleavage  is 
more  faint,  and  only  to  be  traced  at  intervals  with  some  difficulty. 
These  two  sections  are  not  exactly  in  continuation  of  the  former, 
Nos.  1  and  2 ;  but,  together  with  them,  complete  a  section  across  the 
Lake  Mountains.  There  are  however,  on  the  east  and  west  of  the  line 
of  sections,  two  small  districts  where  the  Skiddaw  slate  has  been  raised 
to  the  surface  by  the  eruptions  of  the  granites  of  Booth  and  Shap 
Fell,  which  are  not  described  in  this  paper*. 

Tlie  district  traversed  by  these  sections  presents  in  its  complicated 
and  disturbed  features  a  most  striking  contrast  to  the  regularity  of 

*  For  the  elevation  of  the  slates  of  Black  Comh  hj  the  Booth  Granite,  see  Sedg- 
wick, Joom.  Geol.  Soc.  vol.  ii.  p.  111. 

VOL.  V. PART  I.  K 
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the  northern  area ;  and  the  position  of  the  planes  of  cleavage  is  as 
complicated  as  that  of  the  strata.  It  would  be  tedious  to  go  into 
these  disturbances  in  detail,  but  we  must  glance  over  them,  as  they 
show  how  the  position  of  the  cleavage-planes  has  depended  on  the 
eruptive  forces  which  have  elevated  and  disturbed  the  strata,  and  thug 
confirm  the  opinion  that  the  cleavage  is  due  to  mechanical  causes. 

Hie  most  compUcated  part  of  this  area  is  that  occupied  by  the 
green  slates  which  has  be^  broken  through  by  several  bands  of  por- 
pbyritic  rocks :  these  have  modified  the  arrangement  both  of  the  strata 
and  of  the  cleavage,  and  have  influenced  the  physical  geography,  so 
that  we  must  first  examine  their  position  on  the  line  of  country 
crossed  by  the  sections. 

Commendug  on  the  north,  the  first  great  band  of  porphyry  seen  on 
section  3  is  that  of  Greenside,  on  the  north  side  of  Glenndding,  which 
forms  the  limit  of  the  section,  and  belongs  to  the  northern  area  of 
deration  just  described :  the  general  direction  of  thb  band  is  east 
from  the  southern  part  of  Derwentwater  to  the  southern  part  of 
Ulswat^r. 

The  Greenfflde  porphyiy  is  succeeded  by  the  slates  of  Helvellyn, 
the  line  between  them  bemg  well  marked  hy  a  great  fi&ult  runmng 
down  Free  Mosedale  and  the  lower  part  of  Glennddine :  throughout 
Helvellyn  the  slate  is  more  or  less  ciystaUine,  but  bom  the  cleavage 
and  the  bedding  are  well  seen.  In  Raise  and  Whiteside  the  slate 
dips  N.  15°  W.  75°,  its  cleavage  dipping  S.  15°  E.  85°:  there  is  a 
fSudt  at  the  head  of  Glenridding  forming  an  anticlinal  axis  on  which 
the  cleavage  is  perpendicular  and  strikes  with  the  beds ;  beyond  that 
&ult  in  the  higher  parts  of  Helvellyn,  the  sktes  dip  S.  25°  £.  30°  to 
35° ;  the  cleavage  dips  close  to  the  fault  S.  25°  £.  75° ;  but  its  eleva- 
tion gradually  increases  to  the  southward,  and  it  is  again  perpendi- 
cular on  the  south  side  of  Helvellyn  High  Man  where  another  fault 
oocors,  at  which  the  beds  form  a  synclinal  axis :  in  the  Eagle  Crag 
the  slate  is  more  crystalline,  and  dips  N.  25°  W.  30°,  resting  on  the 
porphjrry  of  Grisedale  Head.  In  the  Eagle  Crag  the  cleavage  dips 
N.  25°  W.  85°,  and  at  the  junction  of  the  skte  and  porphyry  N.  25° 
W.80°. 

The  band  of  porphyry  which  crosses  the  country  south  of  Helvel- 
lyn is  about  two  miles  wide  :  on  the  line  of  section  3,  it  divides  the 
waters  of  Cumberland  and  Westmoreland  at  the  ridge  of  which 
Dunmail  Raise  is  a  part :  its  general  direction  is  east.  At  the  south 
end  of  Raise  Gap,  it  is  suc^eded  by  a  metamorphic  slate  with  a 
deavage  dipping  N.  20^  W.  70^  in  which  the  traces  of  bedding  can 
hardly  be  disdngnished ;  this  crosses  the  Keswick  road  about  1|- 
mile  north  of  Grasmere. 

South  of  the  metamorphic  slate  we  find  another  great  band  of 
porphyritic  rock  nearly  a  mile  and  a  half  wide,  which  reaches  to  the 
banks' of  Grasmere :  on  section  3,  this  rock  has  a  faint  but  regukr 
cleavage  dipping  N.  40°  W.  80°,  so  that  we  might  be  tempted  to 
regard  it  as  a  slate  rock  of  which  the  bedding  has  been  obUterated, 
and  the  structure  rendered  crystalline  by  igneous  agency  below  the 
surface.     But  farther  east,  the  same  band  forms  the  summit  of  the 
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Kirkstone  Pass,  where  it  is  a  purely  crystalline  rock  without  clea- 
vage, but  flanked  at  each  end  of  the  Pass  by  slaty  semicrjstalline 
rocks  gradually  passing  into  slate. 

The  slaty  porphyry  of  Grasmere  is  overlaid  by  a  hard  green  slate, 
which  has  been  quarried  largely  at  the  head  of  Rydal  Water,  where 
it  dips  S.  25^  E.  30°,  with  a  cleavage  which  dips  N.  45°  W.  80° : 
the  rock  is  too  hard  to  work  for  roofing,  yet  it  is  the  continuation  of 
the  beds  which  supply  the  excellent  roofing-slates  of  Langdale. 

South  of  Rydal,  the  usual  dip  of  all  the  beds  is  to  the  southward 
(generally  about  S.S.E.),  although  there  are  many  local  changes  of 
tne  dip  and  repetitions  of  the  beds :  it  is  therefore  clear  that  on 
quitting  the  porphyry  of  Grasmere  we  have  passed  the  axis  of  eleva- 
tion of  the  district.  Apparently  all  the  porphyritic  rocks  between 
Helvellyn  and  Grasmere  must  be  regarded  as  one  ereat  band  of 
igneous  eruption ;  the  intervening  metamorphic  slates  being  perhaps 
overljring  masses  raised  up  on  3ie  surface  of  the  porphyry.  The 
total  width  of  the  bands  of  porphyry  thus  united  is  about  four  miles, 
and  their  direction  very  nearly  east :  the  slates  rest  on  them  and  dip 
away  from  them  on  each  side,  and  they  thus  form  the  axis  of  the 
elevation  of  the  southern  area  of  the  Lake  district. 

The  green  slate  of  Rvdal  Water  is  succeeded  by  a  metamorphic 
semicrystalline  slate,  wnich,  as  far  as  its  obscure  bedding  can  be 
seen,  cups  S.  25°  E.  25°,  reaching  from  Rydal  Water  nearly  to  Am- 
bleside, with  a  faint  cleavage  dipping  N.  70°  and  N.  80°.  But  in 
Loughriffg  Fell,  a  little  to  the  west  of  the  line  of  section  3,  we  find  a 
mass  of  Igneous  rock  without  bedding  or  cleavage  bearing  east ;  and 
some  distance  to  the  eastward,  a  similar  igneous  rock  breaks  out  on 
the  same  line  in  Kentmere  and  Long  Sleddale :  thus  the  metamor- 
phic slates  appear  to  cover  a  band  of  igneous  rock  below.  In  this 
instance  the  cleavage  strikes  east  in  accordance  with  the  direction  o{ 
the  band  of  porphyry,  instead  of  following  the  usual  direction  of 
E.N.E.,  which  is  the  ordinary  strike  of  the  cleavage  and  bedding  of 
the  slates  throughout  the  Lake  Mountains. 

At  Ambleside  the  green  slate  dips  south,  and  the  cleavage  is  per- 
pendicular with  a  strike  to  the  east ;  but  this  position  is  connected 
with  some  faults  at  the  head  of  Windermere  which  require  working 
out.  In  Wans  Fell  the  green  slate  dips  S.  25°  E.  50°  to  40°,  the 
eleavi^  dipping  N.  25°  W.  85°. 

In  Troutbeck  the  green  slate  is  overlaid  by  the  fossiliferous  series 
of  the  Ck)ni8ton  beds,  which  have  been  often  described :  at  the  junc- 
tion of  the  two  formations  the  cleavage  is  perpendicular,  strikii^  with 
the  beds  E.  25°  N.,  but  it  soon  returns  to  a  dip  to  N.  25°  W.,  the 
angle  of  inclination  gradually  diminishing  from  85°  to  70°. 

The  flagstones  above  the  Coniston  ^ds  have  been  referred  by 
Professor  Sedgwick  to  the  Denbighshire  flagstone,  or  in  other  words 
to  the  Wenlock  formation :  I  formerly  combated  this  opinion,  but 
now  concur  in  its  accuracy,  having  seen  the  face  of  the  nags  of  Ap- 
plethwaite  Common  covered  with  the  remains  of  Creseis  and  Grap- 
tolites  similar  to  those  of  Denbighshire.  In  these  beds  the  cleavage 
is  still  marked,  but  its  planes  are  more  distant  than  in  the  true  slates. 
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Tlie  Wenlock  flags  rest  conformably  on  the  Coniston  beds,  and  end 
with  a  black  slaty  flagstone,  quarried  on  the  north  side  of  Bowness, 
which  is  the  equivalent  of  the  Ireleth  slate  of  North  Lancashire. 
There  are  several  anticUnal  and  synclinal  axes  in  this  series,  and  the 
beds  are  frequently  repeated  on  the  surface,  but  on  the  whole  the 
formation  dips  about  S.S.E.  The  cleavage  meets  in  an  axis  on  Ap- 
plethwaite  Common,  and  then  dips  S.  45°  E.  85°.  It  is  perpendi- 
cular on  the  line  of  one  of  the  faults,  and  then  dips  N.  35°  W.  85° ; 
the  dip  continues  in  the  same  direction  as  far  as  Bowness,  the  incli- 
nation diminishing  from  85°  to  70°. 

In  the  series  of  coarse  greywackes  south  of  Bowness,  the  cleavage 
is  less  marked,  and  there  is  sometimes  a  danger  of  confounding  it 
with  some  of  the  munerous  joints  which  traverse  the  rocks  :  for  this 
reason  I  carried  my  observations  no  farther  in  that  direction,  al- 
though I  beheve  that  a  careful  examination  of  the  beds  would  detect 
cleavage  much  farther  south.  The  evidence  of  the  compression  of 
the  rock,  which  is  afforded  by  the  distortion  of  the  organic  remains 
in  uniform  directions,  is  found  in  a  slight  degree  through  the  Upper 
Ladlow  rocks  south  of  Kendal,  in  beds  which  hardly  show  a  trace  of 
cleavage ;  so  that  it  seems  that  a  slight  degree  of  compression  was  not 
snflScient  to  produce  the  cleavage. 

If  we  take  a  general  view  of  the  stratification,  overlooking  minor 
disturbances  and  irregularities,  we  must  r^ard  the  great  porphyritic 
bands  of  Raise  and  Kirkstone  as  one  great  axis  of  igneous  eruption, 
running  nearly  east,  and  elevating  the  beds  into  a  saddle,  those  of 
Ilelvellyn  dipping  principally  northward,  and  those  south  of  the  axis 
dipping  on  the  whole  southward.  But  on  taking  a  similar  general 
view  of  the  cleavage,  we  find  no  approach  to  any  arch  like  that  seen 
in  the  northern  area  of  elevation  ;  nor  even  to  any  regularity  of  posi- 
tion. From  Helvellvn  to  Bowness  the  cleavage  (with  some  few  ex- 
ceptions) dips  at  high  angles  to  the  N.N. W. ;  the  extreme  variation 
Iving  between  N.  25°  W.  65°,  and  S.  45°  E.  85°.  Thus  it  seems  that 
ihe  eruption  or  the  presence  of  the  bands  of  porphyry  has  interfered 
materially  with  the  arrangement  of  the  planes  of  cleavage. 

On  comparing  closely  the  relative  positions  of  the  bedding  and 
deava^,  it  will  be  seen  that  there  is  a  fault  or  axis  in  the  stratifica- 
tion wherever  the  planes  of  cleavage  are  perpendicular,  and  this  co- 
incidence occurs  too  often  to  be  due  to  accident.  This  is  in  harmony 
with  the  views  stated  in  my  former  paper,  that  the  direction  of  the 
planes  of  cleavage  depended  on  the  direction  of  the  pressure  on  the 
beds  which  accompanied  their  elevation,  and  that  the  cleavage  was 
perpendicular  where  that  pressure  ceased  to  act,  or  was  arrested  by 
another  force  meeting  it  in  a  contrary  direction ;  for  in  a  district 
traversed  by  so  many  bands  of  eruptive  rocks,  the  compressing  forces 
which  accompanied  the  elevation  of  the  various  masses  of  rock  may 
have  acted  independently  between  each  of  the  erupted  masses,  and 
these  forces  must  have  neutralized  one  another  where  they  met  at  a 
fault,  on  which  the  cleavage  is  perpendicular. 

Or  if  it  should  appear  that  the  cleavage  was  formed  during  an  ele- 
vation of  the  beds  at  a  later  period  than  the  eruption  of  the  porphy- 
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ries,  it  miffht  then  be  conjectured  that  the  hard  vertical  bands  of 
porphyry  had  interrupted  the  regularity  of  the  pressure,  and  had 
caused  that  want  of  order  in  the  arrangement  of  tne  cleavage  which 
is  so  remarkable  an  exception  in  this  mstrict  to  its  usual  syminetry. 
In  either  case  the  co-occurrence  of  faults  and  lines  of  perpendicular 
cleavage  points  to  a  mechanical  cause  of  the  phenomenon. 

It  is  a  singular  feature  of  the  Lake  district,  that  though  the  for- 
mations strike  about  E.N.E.,  and  the  planes  of  cleavage  usually 
follow  the  same  direction,  the  great  bands  of  porphyritic  rock  run 
nearly  east.  The  physical  geography  of  the  district  also  presents  a 
remarkable  feature  connected  with  this  subject,  which  is  that  most 
of  the  valleys  and  great  mountain  ridges  run  nearly  north,  and  very 
rarely  follow  the  strike  of  the  strata,  or  cross  it  at  rieht  angles; 
their  usual  direction  being  at  right  angles  to  the  bands  of  porphyiy. 

Thus  there  seem  to  have  been  two  great  periods  of  elevation ;  the 
one  when  the  porphyries  were  forced  through  long  parallel  chasms 
running  east,  and  those  great  rents  in  the  surface  were  formed  nearly 
at  right  angles  to  them,  which  are  now  the  hnes  of  the  great  valleys 
running  north ;  the  other  connected  with  the  eruption  of  the  sienites, 
and  probably  also  of  the  granites  which  have  thrown  up  the  slates  as 
we  now  find  them  with  a  strike  of  E.N.E.,  and  have  given  the  same 
direction  to  the  cleavage,  but  without  effacing  the  leading  physical 
features  of  the  district.  I  have  not  studied  the  country  enough  to 
go  more  at  length  into  the  details  of  this  difficult  subject,  but  I 
could  not  omit  the  mention  of  it,  as  it  has  an  indirect  bearing  on  my 
present  object,  and  has  great  interest  in  itself;  and  has,  I  betieve, 
been  hitherto  overlooked. 

Conclusion, — ^The  following  is  a  general  summary  of  the  conclu- 
sions drawn  from  the  observations  detailed  in  this  and  the  preceding 
paper. 

The  direction  of  the  cleavage-planes  is  in  direct  relation  to  the 
movements  of  elevation  of  the  strata,  being  evervwhere  at  right 
angles  to  the  direction  of  the  elevating  force  ;  and  where  the  beds 
have  been  raised  with  regularity  over  a  single  axis,  the  cleavage- 
planes  appear  to  be  portions  of  curves,  of  which  the  width  of  the  area 
of  elevation  is  the  diameter. 

In  slaty  rocks  there  has  been  a  considerable  compression  of  the 
mass  of  rock  between  the  planes  of  cleavage ;  that  is,  in  the  direction 
corresponding  to  that  of  the  elevating  force ;  this  compression  being 
shown  by  the  distortion  of  the  included  organic  remains,  and  the  flat- 
tening of  the  component  portions  of  the  rock,  and  bearing  a  propor- 
tion to  the  degree  in  which  the  cleavage  is  developed. 

The  compression  of  the  mass  in  a  direction  perpendicular  to  the 
cleavi^  has  been  partially  compensated  by  its  expansion  along  the 
dip  of  the  deavage,  in  which  direction  only  its  expansion  was  per- 
imtted  as  the  elevation  of  the  beds  enlarged  the  area  occupied  by 
them.  The  difference  between  the  amount  of  compression  in  one 
direction  and  of  expansion  in  another,  is  accounted  for  in  the  greater 
density  of  the  rock  after  compression. 

No  connection  has  been  detected  between  cleavage  and  crystalliza- 
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tion,  beyond  a  tendency  of  plates  of  talc  and  mica  to  arrange  them- 
selves along  the  planes  of  cleayage:  but  as  on  these  planes  there 
would  be  the  least  resistance  to  their  intrusion  or  formation,  this  may 
have  been  a  subsequent  operation,  and  should  not  alter  our  opinion 
of  the  cause  of  the  cleavage. 

Thus  all  our  observations  and  deductions  ultimately  converge  to 
the  conclusion  that  the  cleavage  must  be  attributed  to  pressure  caused 
by  the  elevation  of  great  masses  of  rock  under  conditions  of  which 
we  are  ignorant.  And  if  to  this  conclusion  it  should  be  objected  that 
no  similar  results  can  be  produced  by  experiment,  I  reply  that  wc 
have  never  tried  the  expenment  with  a  power  at  all  to  be  compared 
to  that  employed ;  and  that  this  may  be  one  of  many  cases  where 
our  attempts  to  imitate  the  operations  of  nature  fail,  owing  to  the 
feebleness  of  our  means,  and  the  shortness  of  the  period  during  which 
we  can  employ  them. 


November  15,  1848. 

The  following  communications  were  read : — 

1.  On  the  Gyp9um  of 'Soya  Scotia. 
By  Abraham  Gesner,  For.  Mem.  G.S. 

(In  a  letter  to  Sir  Charles  LjeU.) 

Since  my  return  to  Nova  Scotia  I  have  had  an  opportunity  of  ex- 
amining several  places  the  geology  of  which  had  been  unexplored. 
I  scarcely  need  say  that  at  the  time  of  your  visit  to  this  country  I 
bad  bas^  my  opinions  in  regard  to  the  position  of  the  gypsiferous 
sandstones  and  coal-measures  of  Nova  Sa)tia  upon  the  facts  that  I 
was  then  acquainted  with,  and  the  views  of  those  who  had  worked  in 
the  same  field.  The  declarations  also  that  have  been  often  made  in 
reference  to  the  situation  of  the  gypsiferous  strata  of  England  had,  I 
must  say,  diverted  my  attention  firom  the  subject  to  which  you  have 
since  fully  adverted. 

I  feel  it  now  but  just  and  honourable  to  state,  that  subseauent  ob- 
servations have  convinced  me  that  the  order  of  succession  which  yon 
have  laid  down  in  your  remarks  in  the  Proceedings  of  the  Geological 
Society,  and  in  your  Travels  in  America,  in  reference  to  the  above 
rock  series,  is  correct.  In  a  new  work  now  in  course  of  publication, 
on  the  Industrial  Resources  of  this  Province,  I  have  adverted  to  this 
subject,  and  have  eiven  my  reasons  for  renouncing  my  former  opinions 
in  this  matter,  and  I  doubt  not  that  in  the  erati&cation  this  acknow- 
ledgment will  afford  you,  on  my  part  I  shall  receive  as  much  indul- 
gence as  the  case  deserves ;  nor  need  I  add,  that  even  in  the  advancing 
state  of  the  science  similar  errors  will  occur,  especially  in  cases  in- 
volved in  more  or  less  obscurity.  In  reference  to  the  question,  which, 
so  far  as  I  am  concerned,  is  now  no  longer  at  issue,  I  will  add  a 
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section  taken  between  the  village  of  Truro  and  the  valley  of  the  Stie- 
wacke,  which  I  have  found  to  be  as  follows. 


Qoartiite  »nd  Trtp. 


Dutance  10  miles. 


A  similar  section  presents  itself  northward  of  Truro.  At  the  St. 
Croix  River  in  the  county  of  Hants,  the  Silurian  slates  are  succeeded 
by  conglomerates,  the  conglomerates  by  gypsum  and  fossiliferous 
limestones,  like  those  of  the  Shubenacadie,  and  the  whole  hy  coal- 
measures,  which  I  believe  embrace  workable  beds  of  coal,  llie  dip 
and  order  are  such  as  leave  no  doubt  on  my  mind  of  their  true  posi- 
tion. It  is  my  intention,  as  soon  as  my  time  will  allow,  to  make  a 
communication  to  the  Society,  and  to  supply  such  facts  as  will,  I 
presume,  set  the  matter  at  rest. 


2.  A  comparison  of  the  structural  features  of  disturbed  districts  in 
Europe  and  America,  By  Henry  D.  Rogers,  For.  Mem.  G.S., 
Professor  of  Geology  in  the  University  of  Pennsylvania. 

[In  consequence  of  Professor  Rogers's  return  to  America,  the  publi- 
cation of  ttiis  paper  is  postponed  for  the  present.] 


November  29,  1848. 

Charles  Timms,  Esq.,  was  elected  a  Fellow  of  the  Society. 

The  following  communications  were  read : — 

1.  On  Fossil  Plants  from  the  Anthracite  Formation  of  the  Alps  of 
Savoy.    By  €.  J.  F.  Bunbury,  Esq.,  F.G.S. 

The  question  which  I  propose  to  bring  before  the  notice  of  the  So- 
ciety on  this  occasion  may  be  considered  one  of  the  most  curious  in 
geology,  with  relation  to  the  distribution  of  organic  remains  and  their 
value  in  determining  the  age  of  rocks.  Attention  was  first  called  to 
it  by  the  celebrated  Frencn  geologist,  M.  J^e  de  Beaumont,  in  a 
paper  which  was  published  in  the  fourteenth  volume  of  the  '  Annales 
des  Sciences  Naturelles,*  in  the  year  1828.  He  described  the  strata 
observed  in  the  neighbourhood  of  the  village  of  Petit  Coeur,  near 
Moutiers  in  the  Tarentaise,  and  stated  that  beds  of  black  schist,  which 
aboimd  with  impressions  of  ferns  and  other  plants  identical  with 
those  of  the  coal  formation,  are  there  foimd  interposed  between  beds 
of  argillaceous  limestone  containing  belemnites.  He  appears  to  have 
completely  satisfied  himself  that  the  strata  containing  ferns  and  those 


Digitized  by  VjOOQIC 


1848.]  BUNBURY  ON  FOSSIL  PLANTS.  131 

oontaining  belenmites  really  belonged  to  the  same  geological  epoch, 
and  he  refers  the  whole  group,  without  hesitation,  to  the  age  of  the 
li€u.  This  paper  was  followed  by  one  from  M.  Adolphe  Brongniart, 
stating  the  result  of  hb  examination  of  the  fossil  plants  from  this 
anomalous  deposit.  He  enumerates  nineteen  species,  besides  some 
others  which  were  not  in  a  state  to  admit  of  determination ;  and  of 
these  nineteen  he  pronounces  seventeen  to  be  positively  identical  with 
species  of  the  coal  formation,  the  remaining  two  being  peculiar  and 
previously  undescribed.  In  a  subsequent  communication,  published 
m  the  fifteenth  volume  of  the  '  Annales,'  M.  Elie  de  Beaumont  de- 
scribed a  series  of  strata  of  vast  thickness  occurring  in  the  Alps  be- 
tween Brian^on  and  St.  Jean  de  Maurienne,  and  which  he  considered 
as  belonging  to  the  same  system  with  those  previously  described  in 
the  Tarentaise.  In  the  upper  part  of  this  series,  at  the  Col  de  Char- 
donnet,  not  far  from  Brian^on,  he  collected  several  additional  speci- 
mens of  fossil  plants,  which  were  likewise  ascertained  by  M.  Adolphe 
Brongniart  to  be  identical  with  well-known  species  from  the  true  coal 
formation.  M.  de  Beaumont  arrived  at  the  conclusion  that  this  great 
system  of  beds,  containing  (according  to  his  observations)  fossil  pUnts 
of  carboniferous  species  both  in  its  upper  and  lower  members,  and 
containing  also  belemnites  and  even  ammonites,  was  the  representa- 
tive not  only  of  the  lias,  but  of  the  whole  or  greater  part  of  the  Ju- 
rassic series.  Thus  the  fossil  plants  {Calamites,  Sigillaria  and 
Lepidodendra)  of  the  Col  de  Chardonnet,  which  are  absolutely  identical 
with  those  of  the  coal-measures,  belong  to  strata  which  (according  to 
this  view)  are  equivalent  to  the  middle  or  upper  parts  of  the  ooUte. 

I  am  not  aware  that  any  forther  observations  were  made  upon  this 
singular  anomaly  until  the  year  1844,  when  the  Geological  Society  of 
France  held  their  meeting  at  Chambery,  and  their  attention  was  natu- 
rally directed  to  so  remarkable  a  fact.  A  great  number  of  the  members 
then  visited  the  localities  in  the  Tarentaise  which  had  been  described 
by  M.  £lie  de  Beaumont,  and  the  observations  which  they  made  are 
recorded  in  the  BuUetin  of  that  Society,  to  which  I  must  refer  for 
ample  details  of  the  geological  structure  of  that  part  of  the  Alps. 
They  confirmed  the  previous  observations  of  M.  de  Beaumont,  and 
arrived  (I  betieve  unanimously)  at  the  conclusion  that  the  strata  con- 
taining ferns  really  alternated  with  those  containing  belemnites,  and 
could  not  be  considered  otherwise  than  as  parts  of  the  same  formation. 

In  1846  Mr.  Homer,  then  President  of  our  Society,  called  the 
attention  of  English  geologbts  to  this  subject  in  his  Anniversary 
Address,  and  he  proposed  an  explanation  of  the  anomaly,  on  which  I 
shall  afterwards  have  occasion  to  make  some  remarks. 

When  I  was  in  Ital^,  during  the  past  summer,  it  was  sug^ted  to 
me  by  some  of  my  finends  that  I  should  examine  the  fossil  plants 
from  the  Tarentaise,  of  which  a  considerable  collection  exists  m  the 
museum  at  Turin.  Twenty  years  had  elapsed  since  the  publication 
of  M.  Adolphe  Brongniart's  memoir,  and  it  was  thought  that  the 
additional  materials  which  had  been  collected  might  possibly  tend  to 
throw  some  new  lisht  on  the  question.  Accordingly,  during  my  stay 
at  Turin,  I  devoted  some  days  to  a  careful  examination  of  the  spea- 
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mens  from  the  Tarentaise,  and  I  must  add  that  I  received  the  kindest 
assistance  from  Professor  Sismonda  and  his  brother,  who  afiforded  me 
every  possible  facility  for  a  fuU  and  satisfactory  inyestigation.  The 
detailed  descriptions  of  the  species  will  be  found  at  the  end  of  this 
paper.  But  I  must  observe  in  the  first  place  that  I  found  very  con- 
siderable difficulty  in  arriving  at  any  satisfactory  conclusions.  The 
portions  of  plants  contained  in  these  Alpine  slates,  though  very  nume- 
rous, are  in  general  very  imperfect ;  they  are  crowded  and  jumbled 
together  in  great  confusion,  often  much  crushed  and  distorted ;  they 
are  almost  always  converted  into,  or  coated  with,  a  silver-white  talc, 
which,  while  it  gives  them  a  beautiful  appearance,  is  not  very  favour- 
able to  the  preservation  of  the  more  minute  and  delicate  markings ; 
and,  in  particular,  the  details  of  the  venation,  on  which  the  determi- 
nation of  fossil  ferns  so  much  depends,  are  seldom  well  exhibited 
Above  all,  the  fronds  of  the  ferns  are  very  often  distorted  in  a  most 
singular  manner,  whether  in  consequence  of  drifting,  or  of  a  process 
of  crystallization,  perhaps  accompanying  the  upheaval  of  the  slates. 
This  distortion  causes  the  leaflets,  not  only  in  different  parts  of  the 
same  frond,  but  even  on  opposite  sides  of  the  same  pinna,  to  differ 
widely  both  in  apparent  form  and  in  direction,  so  that  it  is  often  ex- 
ceedingly difficult  to  determine  what  was  their  original  and  normal 
character.  Under  these  circumstances  it  will  not  be  thought  surpri- 
sing that  I  should  speak  with  a  certain  degree  of  caution  and  hesita- 
tion as  to  the  specific  identity  of  most  of  these  plants. 

The  results  of  my  examination  may  be  thus  stated.  Among  the 
specimens  preserved  in  the  museum  at  Turin  I  was  able  to  distinguish 
only  fourteen  different  ybrm*,  for  I  will  not  venture  to  call  them  spe- 
cies. Of  these  nine  are  Ferns,  two  Calamites,  and  three  Astero- 
phyllitea  or  Annularire.  Two  of  the  Ferns,  namely  Odontapteris 
Brardii  and  Pecopteris  Cyathea,  may  be  pronounced  with  tolerable 
certainty  to  be  identical  with  characteristic  and  well-known  plants  of 
the  coal-measures.  Three,  or  perhaps  four  others  have  a  strong  re- 
semblance to  coal-measure  plants,  with  which  they  mav  very  probably 
be  specifically  identical,  but  I  cannot  feel  certain  of  tKem.  Another 
seems  to  be  a  remarkable  and  hitherto  unnoticed  variety  of  Odonta- 
pterin  Brardii,  connecting  that  species  with  O.  obtusa  of  Brongniart. 
The  eighth  is  perhaps  a  new  species,  but  its  nearest  alUes  are  plants 
of  the  coal  formation.  Of  the  ninth  the  specimens  are  too  imperfect 
to  admit  of  determination.  Of  the  remaining  plants  Calamites  ap- 
proximatus  and  Annularia  longifolia  appear  to  be  absolutely  identiod 
with  coal-measure  plants ;  and  the  other  two  AnnularuB  or  Astero- 
phyllitea  are  at  least  very  similar  to  carboniferous  forms.  The  other 
Calamite  is  imdeterminable. 

I  now  proceed  to  the  fossil  plants  of  the  Col  de  Balme  and  other 
locahties  near  Chamounix.  Sir  Henry  De  la  Beche  was,  I  believe, 
the  first  to  record*  the  occurrence  of  impressions  of  ferns  in  the 
schistose  rocks  of  the  Col  de  Balme,  and  he  noticed  their  close  resem- 
blance to  those  of  the  coal  formation.  These  impressions  have  since 
become  well  known,  and  are  familiar  to  most  visitors  to  Chamounis, 

*  In  1819. 
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where  examples  of  them  are  generally  exhibited  for  sale.  Specimens 
from  this  locality  were  examined  and  described,  together  with  those 
from  the  Tarentaise,  by  M.  Adolphe  Brongniart,  in  the  paper  already 
quoted.  The  black  slates  of  the  Col  de  Balme  and  the  Valorsine,  in 
which  these  plants  occur,  are  admitted  on  all  hands  to  belong  to  the 
«ame  formation  with  those  of  Petit  Cceur ;  but  in  the  former  localities 
they  present,  as  far  as  I  can  learn,  no  anomalous  features,  containing 
no  belemnites,  nor,  I  beUeve,  any  animal  remains  whatever.  When 
at  Chamoonix,  in  August  last,  I  visited  the  slate  quarry  near  the  Col 
de  Balme,  from  which,  as  I  was  informed,  most  of  the  specimens  of 
fossil  plants  had  been  collected,  but  I  was  not  able  to  meet  with  any- 
thing beyond  some  very  slight  and  obscure  traces  of  impressions.  I 
procurec^  however,  at  Chamoimix  a  considerable  number  of  well-pre- 
acnred  specimens,  and  others  were  shown  to  me  by  Professor  Pictet 
in  the  museum  at  Geneva.  The  Col  de  Balme  is  not  the  only  locality 
near  Chamonnix  from  which  these  fossil  plants  have  been  procured ; 
they  occur  also  in  the  mountains  above  the  village  of  Servoz,  from 
which  the  Dioza  torrent  comes  down  to  join  the  Arve ;  and  in  the 
mountains  on  the  right  bank  of  the  Rhone,  opposite  to  Martigny. 
But  in  none  of  these  places,  as  I  was  informea  by  M.  Pictet,  have 
belemnites  been  found,  nor  any  characteristic  fossils,  except  the  vege- 
table impressions. 

It  may  be  worth  while  to  add,  that  M.  jfelie  de  Beaumont  himself 
told  me  that  he  considered  the  slates  of  the  Col  de  Balme  as  belong- 
ing to  the  lowest  part  of  the  lias  formation.  They  are  the  lowest 
fossiliferous  rocks  of  that  district,  and  rest  immediately^  on  crystalline 
talcose  schists,  which  pass  downwards  into  the  gneiss  and  protogene 
that  constitute  the  mountains  on  both  sides  of  the  valley  of  Cha- 
mounix. 

My  specimens  from  the  neighbourhood  of  Chamounix,  and  those 
which  I  examined  in  the  museum  of  Geneva,  include  ten  different 
forms  of  fossil  plants,  of  which  eight  are  Ferns,  one  a  Calamite  (spe- 
cies undeterminable),  and  one  an  Asterophyllitea,  The  two  latter  are 
extremely  like,  if  not  absolutely  identical  with,  common  forms  of  the 
coal-measures.  Of  the  ferns,  there  are,  I  think,  only  two  which  I 
did  not  observe  among  the  Tarentaise  specimens  :  one  of  these  is  the 
well-known  Neuropteris  flexuosa^  very  distinctly  characterized,  and 
perfectly  agreeing  with  specimens  from  Pennsylvania  and  Cape  Bre- 
ton. The  other  comes  near  to  Neuropteris  conferta  of  Goppert  (a 
plant  belonging  to  the  upper  part  of  the  coal-measures),  but  the  spe- 
cimen is  not  sufficiently  perfect  for  accurate  determination. 

Lastly,  I  may  mention  that  M.  Elie  de  Beaumont  showed  me,  in 
the  collection  of  the  j^lcole  des  Mines  at  Paris,  a  well-preserved  speci- 
men of  Lepidodendron  omatissimum  of  Brongniart  (Lindley*s  Ulo- 
dendron  majus),  with  its  characteristic  markings,  and  especially  the 
large  round  scars  of  abortive  buds  or  branches,  very  distmctly  exhi- 
bited. This  was  brought  from  the  Col  de  Chardonnet,  not  far  from 
Brian9on.  The  strata  in  that  locality  are  considered  by  M.  de  Beau- 
mont as  belonging  to  the  uppermost  part  of  the  Alpine  anthracite 
formation,  and  as  probably  equivalent  to  the  Oxford  clay. 
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It  will  be  seen  that  after  the  most  carefiil  examination  which  I 
have  been  able  to  make  of  the  fossil  plants  in  question^  I  have  come 
to  the  same  conclusions  as  M.  Adolphe  Brongniart  with  respect  to 
their  general  agreement  with  those  of  the  coal-measures  ;  though  I 
have  not  been  able  to  distinguish  so  great  a  number  of  species  as  he 
did,  nor  to  speak  with  the  same  confidence  respecting  the  greater 
part  of  them.  So  remarkable  a  fact  as  the  association  of  plants  cha- 
racteristic of  one  formation  with  animal  remains  supposed  to  charac- 
terize another  and  much  later  one,  seems  well-deserving  of  the  attoo- 
tion  of  geologists.  The  twenty  years  which  have  elapsed  since  this 
fact  was  first  observed, — twenty  years  rich  in  geological  research  and 
discovery, — have  brought  to  hght  no  parallel  case ;  nothing  has  been 
discovered  tending  to  soften  or  explain  the  anomaly ;  the  association 
of  coal-plants  with  belemnites  at  retit  Cceur  still  stands  an  isolated 
and  exceptional  pheenomenon. 

Some,  perhaps,  may  be  disposed  to  object  that  our  materials  are  not 
sufficient  to  estabUsh  the  fact  of  the  identity  of  these  plants  with 
those  of  the  coal-measures.  It  is  auite  true  that  the  greater  part  of 
them  are  in  an  unsatisfactory  condition ;  and  it  is  also  true  that  in 
many  instances  plants  of  very  distinct  species,  and  even  belonging  to 
distinct  genera,  cannot  be  distinguished  unless  by  an  examination  of 
specimens  in  a  perfect  state.  But  two  or  three  of  the  fossil  plants 
contained  in  this  Alpine  formation  are  so  distinctly  characterized, 
that  there  seems  no  reason  to  doubt  their  identity.  And  this  at  least 
may  be  affirmed  with  confidence, — that  many  of  them  are  undisdn- 
euishable  from  plants  found  in  the  true  coal-measures,  while  none 
nave  any  close  resemblance  to  those  of  the  lias  or  the  ooHtes. 

The  tacit  that  the  strata  which  jdeld  these  plants  do  really  alter- 
nate with  those  containing  belemnites,  seems  to  be  estabUshed  by 
such  strong  testimony  that  it  is  difficult  to  dispute  it.     We  have  not 
only  the  evidence  of  M.  de  Beaumont  on  this  point,  but  that  also  of 
Professor  Sismonda  and  of  the  Abb^  Chamousset,  both  of  whom  are 
intimately  acquainted  with  the  district  in  which  these  fossils  occur,  and 
have  had  great  experience  in  the  investigation  of  Alpine  geology ; 
and  both  assured  me,  that  no  one  who  examined  the  localities  could 
doubt  that  the  beds  containing  these  different  kinds  of  fossils  were 
really  members  of  the  same  geological  formation.     But  it  was  sug- 
gested by  M.  Michelin,  at  the  meeting  of  the  French  Greological  So- 
ciety at  Chambery,  that  the  belemnites  (which  I  believe  are  undeter- 
minable as  to  species)  might  not  be  of  the  importance  that  had  been 
supposed,  in  reference  to  the  age  of  these  rocks.     He  was  inclined  to 
consider  it  an  instance  of  the  occurrence  of  the  belemnite  form  in  the 
carboniferous  period,  rather  than  of  the  continuance  of  the  same  spe- 
cies of  plants  through  several  successive  epochs.     It  is  true  that  am- 
monites also  have  been  found  in  certain  strata  of  the  same  district, 
and  which  both  M.  de  Beaumont  and  M.  Sismonda  consider  as  form- 
ing part  of  the  same  series  with  those  in  question ;  but  this  latter 
conclusion  is,  I  beUcve,  not  admitted  by  the  Abb^  Chamousset.    If 
the  determination  of  the  age  of  these  strata  rests  on  the  belemnites 
alone,  it  may,  I  think,  well  be  considered  doubtful. 
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Mr.  Horner,  in  bis  Anniversary  Address,  to  which  I  hare  before 
aQuded,  regards  this  pheenomenon  as  merely  an  instance  of  the  per- 
manence  of  certain  species  of  pknts ;  and  as  illustrative  of  the  law, 
that  species  which  have  bad  a  wide  range  in  space  have  also  had  a 
long  duration  in  time.     "  We  know,"  he  observes,  "  that  the  same 
species  of  plants  are  found  in  the  coal-fields  belonging  to  the  paleeozoic 
carboniferous  rocks  of  Europe  and  of  North  America,  and  in  regions 
wiih  difierences  of  more  than  thirty  degrees  of  latitude ;  and  therefore 
they  may  have  been  able  to  live  througn  the  many  vicissitudes  of  con- 
dition of  the  earth's  surface  that  must  have  occurred  between  the  car- 
boaiferous  and  liassic  periods."     This  explanation,  as  it  appears  to 
me,  does  not  meet  the  difficulties  of  the  case.     If  no  plants  different 
from  those  in  question  occurred  in  the  lias  formation  of  Europe,  and 
if  none  of  the  mtermediate  rocks,  between  the  carboniferous  and  the 
liassic  periods,  were  characterized  by  markedly  dbtinct  forms  of  vege- 
table life,  then  the  principle  brought  forward  by  Mr.  Homer  would 
be  strictly  applicable ;  and  there  would  indeed,  in  such  a  case,  be 
nothing  pecmiarly  anomalous  or  difficult  of  explanation.     We  should 
merely  have  to  conclude  that  v^table  remains  were  of  no  import- 
ance whatever  in  determining  the  age  of  rocks.     But  the  facts  are  far 
diflerent.     The  Permian  system,  indeed,  which  immediately  follows 
the  coal,  appears  to  resemble  it  closely  in  the  character  of  its  vege- 
tation*.    But  in  the  Trias  we  have  a  very  distinct  flora,  confined  m- 
deed  to  few  localities,  but  marked  by  strong  peculiarities  both  specific 
and  generic.     The  fossil  vegetation  of  the  Grds  bigarri  of  Alsace,  so 
weQ  illustrated  by  Messrs.  schimper  and  Mougeot,  is  tolerably  rich 
in  species,  and  is  quite  different  from  that  of  the  carboniferous  period ; 
it  is  characterized  particularly  by  numerous  comferse,  of  two  genera 
(Albertia  and  Foltzia),  and  by  a  very  remarkable  fern,  Anomopteris 
Mouffeoiu,  to  which  nothing  similar  has  been  found  in  any  other 
formation.   The  number  of  ferns  found  in  this  deposit,  at  Soultz-les- 
bains  near  Strasbourg,  amounts  altogether  to  eleven  or  twelve  species, 
all  of  which,  without  exception,  are  clearly  distinct  from  those  of  the 
coal-measures.     Now  we  must  bear  in  mind  that  the  prevailing  and 
most  common  ferns,  at  the  present  day,  are,  with  two  or  three  ex- 
ceptions, the  same  over  nearly  the  whole  of  Europe ;  and  this  ap- 
pears to  have  been  the  case,  in  at  least  an  equal  degree,  during  the 
carboniferous  sera.  Therefore,  when  we  find  the  variegated  sancktone 
of  Alsace,  at  so  moderate  a  distance,  comparatively  speakine,  from 
some  of  the  coal-fields  of  France  and  Grermany  ft  characterized  by  an 
entirely  different  set  of  feriis,  with  not  even  one  species  in  common, 
— ^we  are  warranted  in  concluding  that  a  great  change  of  climate  or 
other  conditions,  producing  a  remarkable  change  in  the  vegetation, 
must  have  occurred  between  the  deposition  of  the  coal-measures  and 
that  of  the  sandstones  in  question.     Yet  during  that  time,  according 
to  the  hypothesis  I  am  considering,  the  Tarentaise  and  a  small  re- 
gion near  it  continued  to  retain  unchanged  the  vegetation  of  the  coal 
period ;  although  the  distance  from  Somtz-les-bains  to  the  Tarentaise 

*  See  Bf  orchison's  <  Russia.' 

t  It  is  scarcely  twenty  geographical  miles  from  Saarbriiclu 
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is  trifling  when  compared  to  that  between  the  British  and  the  Sile- 
sian  coal-fields,  which  have  so  many  plants  in  common. 

The  few  traces  of  vegetable  remains  which  have  been  found  in  the 
variegated  sandstone  in  other  parts  of  Europe,  agree,  as  far  as  thej 
go,  with  those  of  Alsace. 

In  the  Keuper  formation  we  have  again  another  reiy  distinct 
assemblage  of  plants,  more  numerous  than  those  of  the  Gres  bigarr^ 
and  still  more  different  from  the  coal-measure  plants, — ^indeed,  much 
more  approximating  to  the  flora  of  the  oolite.  In  truth,  it  is  difficnlt, 
as  far  as  fossil  plants  are  concerned,  to  fix  a  limit  between  the  Kenper 
and  the  lias :  some  of  the  beds  most  rich  in  vegetable  remains  (sudi 
as  the  sandstone  of  Hoer  in  Scania,  and  the  "Lettenkohle  "  of  Ba- 
reuth,)  are  referred  by  some  authorities  to  the  one  of  these  forma- 
tions, and  by  others  to  the  other ;  and  many  species  really  seem  to 
be  common  to  both.  Of  not  less  than  sixty-eight  species  or  foTmSy 
enumerated  in  Unger's  Synopsis  as  belonging  to  the  Keuper,  not  one 
has  been  discovered  in  the  coal-measures,  and  the  Peeopteris  Meriani 
seems  to  be  the  only  one  that  has  even  any  dose  resemblance  to  a 
plant  of  the  true  carboniferous  aee. 

There  mav  be  some  difficulty  m  precisely  defining  the  fossil  flora 
of  the  has,  for  although  Unger  gives  a  long  list  of  plants  from  this 
formation,  many  of  them  seem  to  belong  more  properly  to  the  lower 
oolite ;  while  the  sandstone  of  Hoer  in  Scania,  which  M.  Adolphe 
Brongniart  referred  to  the  age  of  the  lias,  is  considered  by  M.  Sclmn- 
per  as  equivalent  to  the  Keuper.     As  far  as  it  is  known,  the  fossil 
vegetation  of  the  lias  is  scarcely  distinguishable,  on  the  whole,  from 
that  of  the  middle  and  lower  oolites.  I  need  not  dwell  on  the  flora  of 
these  latter  formations,  which  is  so  well  displayed  in  our  own  coun- 
try, and  is  so  rich  in  species  and  so  strongly  characterized.     It  is 
abundantly  distinguished  from  the  coal-measure  flora,  not  only  by  an 
invariable  difference  of  spedes,  but  by  the  prevalence  of  altogether 
different  tribes  of  plants,  and  especially  by  the  great  number  of  Cy- 
cadeae.     Nor  are  these  characteristics  of  the  Jurassic  vegetation  con- 
fined to  Europe :  the  only  rocks  of  that  age  which  are  known  in  the 
United  States  (namely  those  constituting  the  Richmond  coal-fidd  in 
Virginia)   agree  remarkably  in  their  v^table  remains  with  the 
ooUtes  of  Europe ;  and  even  in  so  distant  a  region  as  Cutch,  the  Ju- 
rassic rocks  are  characterized  by  similar,  though  not  identical,  spedes 
of  fossil  plants. 

It  is  worth  while  to  mention  that,  as  is  stated  by  M.  Sdpion  Gras, 
in  the  Bulletin  of  the  Greological  Society  of  France,  Jurassic  strata  in 
their  ordinary  condition  appear  in  the  department  of  the  Is^re,  at  no 
very  great  distance  from  the  hmits  of  the  anthracite  formation  of  the 
Alps;  and  these  strata  contain  impressions  of  plants,  entirely  different 
from  those  of  the  Alpine  anthracite,  and  exhibiting  the  usual  charac- 
teristics of  the  ooHtic  flora.  We  must  bear  in  mind  that  the  Alpine 
formation  in  question  is  considered  by  M.  £he  de  Beaumont  as  equi- 
valent, not  only  to  the  lias,  but  to  all  the  lower  and  middle  part  of 
the  Jurassic  system.  It  is  difficult  to  conceive  such  a  peculiarity  of 
local  circumstances,  as  could  have  occasioned  one  limited  tract  of'^the 
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^western  Alps  to  retain  its  Tegetation  unchanged  through  so  many 
geological  periods,  while  that  of  the  surrounding  regions  was  under- 
going repeated  changes. 

Some  few  instances  certainly  are  known  of  the  insulated  occurrence 
of  tropical  species,  especiaUj  of  ferns  and  Lycopodia,  in  temperate 
i^ions,  far  beyond  their  ordinary  geographical  range ;  as,  for  ex- 
ample, Trichomanes  radicans*  in  Ireland,  and  Lycopodium  cemuum 
in  the  Azores.  But  to  find  a  parallel  case  to  that  under  considera- 
tion, we  must  suppose  an  island,  or  a  small  tract  of  country,  in  which 
€ill  the  ferns  were  specifically  different  from  those  of  the  surround- 
ing countries,  and  identical  with  those  of  some  far-distant  region ; 
for,  in  such  cases,  distance  in  space  may  be  considered  as  representing 
distance  in  geological  time.  I  know  of  nothing  analogous  to  this  in 
the  present  state  of  things. 

lastly,  I  must  mention  the  hypothesis  proposed  by  M.  Adolphe 
Brongniart.  He  holds,  that  the  plants  wnich  we  find  presenrea  in 
the  sktes  of  the  Sayoy  Alps  did  not  grow  in  those  regions,  but  were 
drifted  from  great  distances ;  that  the  peculiar  vegetation  which  had 
been  widely  spread  over  the  globe  in  the  carboniferous  period,  con- 
tinued to  exist  in  the  hotter  parts  of  the  earth  long  after  it  had  be- 
come extinct  in  our  temperate  regions  ;  and  that  plants  belonging  to 
those  hotter  climates  were  occasionally  drifted  as  far  north  as  where 
the  Alps  now  exist,  and  buried  in  the  deposits  in  which  we  find  them 
alternating  with  belemnites.  This  is  perhaps  the  most  plausible  ex- 
planation that  has  been  offered,  and  yet  there  seem  to  be  some  con- 
siderable difficulties  in  the  way  of  it.  Although  the  vegetable  remains 
in  the  Alpine  slates  are  not  in  general  very  well  preserved,  yet  their 
condition  is  not  so  very  different  from  that  of  ordinary  coal-plants  as 
it  would  seem  that,  according  to  this  theory,  it  ought  to  be ;  and  it  is 
not  easy  to  conceive  how  the  delicate  leaves  of  ferns  could  be  drifted, 
either  by  the  sea  or  by  rivers,  for  so  great  a  distance  as  from  a  tropi- 
cal to  a  temperate  climate,  without  being  so  much  damaged  as  to  lose 
all  their  distinctive  characters.  Fruits,  and  seeds,  and  branches  of 
tropical  plants  are  occasionally  wafted  by  the  sea  to  our  coasts ;  but 
I  never  heard  of  any  instance  of  leaves  being  so  conveyed.  Nor  is  it 
easy  to  understand,  on  this  supposition,  how  it  happened  that  these 
tropical  ferns  were  not  drifted  to  other  parts  of  Europe,  besides  the 
district  under  consideration. 

Nevertheless,  I  must  acknowledge  that  I  have  no  more  satisfactory 
explanation  to  offer  ;  nor  do  I  see  any  way  out  of  the  difficulty,  un- 
less by  adopting  the  opinion  of  M.  Michelm,  to  which  I  have  already 
referred.  My  attention  has  been  directed  chiefly  to  the  botanical 
aspect  of  the  question,  and  I  must  leave  the  farther  discussion  of  it 
to  those  more  versed  than  myself  in  strictly  geological  investigations, 
and  especially  to  those  who  have  had  expenence  in  the  difficult  re- 
searches of  Alpine  geology. 

*  See  Hooker'a  *  Species  Filicum.' 
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Descriptions  of  Fossil  Piantsfrom  the  Tarentaise. 

1.  Neuropteris  tenuifolia  ?  (Brongn.  Veg.  Foss.  p.  241 .  t.  72. 

f.3?) 
This  is  abundant,  and  some  of  the  specimens  are  large,  and  tole- 
rably complete.  Leaflets  very  variable,  even  in  the  same  specimen : 
many  of  them  agree  well  with  the  ordinary  appearance  of  A',  tenuifolia^ 
as  seen  in  the  coal-fields  of  England,  and  as  figured  by  Brongniart ; 
but  very  often  they  are  longer  and  narrower  than  in  the  normal  state 
of  that  ])lant, — sometimes  so  long  and  narrow  that  they  might  be 
thought  to  belong  to  Pecopteris  lonchitica ;  while  others  again,  on 
the  very  same  frond,  agree  almost  exactly  in  outline  with  those  of 
Neuropteris  Jlexuosa,  I  am  inclined  to  refer  the  plant  to  iV.  tenui- 
folia rather  than  to  Jlexuosa,  because  the  midrib  is  much  more  strongly 
marked,  and  longer  in  proportion  to  the  leaflets,  than  in  normal  spe- 
cimens of  the  latter.  The  side-veins  are  very  obscure  in  all  the  spe- 
cimens, and  this  necessarily  throws  a  doubt  on  the  determination  of 
the  species.  There  are  many  other  variations,  probably  depending 
on  the  distortion  which  the  plants  have  undergone :  sometimes  the 
leaflets  are  closely  crowded,  and  even  imbricated,  sometimes  remote ; 
in  some  parts  they  lie  almost  flat  along  the  rhachis,  and  again,  in  the 
very  same  pinna,  they  are  perpendicular  to  it,  or  even  bent  back. 

N.  tenuifolia  was  described  by  Brongniart  from  specimens  collected 
in  the  coal-mines  of  Saarbriick.  It  has  since  been  found  in  those  of 
Merthyr  Tydvil  and  of  Northumberland;  in  the  district  of  Osna- 
bruck  (according  to  specimens  in  the  British  Museum)  ;  and  in  the 
Permian  formation  of  Russia.  I  am  not  aware  that  it  has  been  ob- 
served in  America. 

2.  Neuropteris  gigantea? 
Two  or  three  detached  leaflets,  much  resembling  this  species. 

3.  Neuropteris? 

Fragments  of  very  large  leaflets  with  the  venation  of  a  Neuropteris, 
apparently  belonging  to  some  species  Uke  N  ingens,  or  possibly  to  a 
Cyclopteris, 

4.  Odontopteris  Brardii  (Brongn.  Veg.  Foss.  v.  i.  p.  252. 
t.  75  &  76). 

Fragments  of  this  plant  are  numerous  in  the  slates,  and  in  many 
of  them,  fortunately,  the  pecuUar  and  characteristic  venation  is  so 
well  preserved  as  to  leave  no  doubt  of  the  genus.  The  leaflets  are 
generally  smaller  and  less  acute  than  in  the  French  plant  figured  by 
Brongniart ;  but  there  appears  to  be  no  difference  of  any  importance. 
None  of  the  specimens  however  are  sufficiently  perfect  to  exhibit  the 
characteristic  basal  leaflets  of  the  pinnee.  O,  Brardii  appears  to  be 
a  very  local  fossil :  there  is  no  record  of  its  having  been  found  in  the 
coal-fields  of  England,  Germany,  or  America ;  nor  indeed  anywhere 
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(in  the  old  coal  formation)  except  in  the  mines  of  Lardin,  near  Ter- 
rassoD,  in  the  department  of  the  Dord(^e. 

5.  Odontopteris  obtusaT  (Brongn.  Veg.  Foss.  p.  255.  t.  7S, 
f.3&4). 

Of  this  I  observed  some  yery  incomplete  firnffments,  entirely  agree- 
ing with  Brongniart's  fignre  and  description  of  O.  obiusa ;  but  other 
and  more  numerous  specimens  are  exactly  intermediate  between  his 
O.  Brardii  and  O.  obtusa,  or  rather  exhibit  the  characters  of  both 
together.  In  the  best-presenred  specimen,  the  leaflets  are  strikingly 
different  on  the  opposite  sides  of  the  same  pinna :  on  the  one  side 
they  are  short,  almost  round,  or  rather  broader  than  long,  and  yery 
obtuse,  much  resembling  those  of  O.  obtusa  in  Brongniart's  fig.  4. 
t.  78 ;  on  the  other  side  they  approach  closely  to  the  normal  form 
of  O.  Brardii,  This  singular  incongruity  is  most  strongly  marked 
towards  the  base  of  each  pinna,  the  leaflets  towards  the  extremity 
becoming  gradually  more  and  more  symmetrical,  and,  at  last  almost 
wholly  so.  It  is  possible  that  the  want  of  symmetry  may  be  pro- 
duced in  part  by  distortion,  for  the  leaflets  are  dissimilar  in  direction 
as  well  as  in  form.  The  yenation  in  this  particular  specimen  is  beau- 
tifully preserved,  and  thoroughly  characteristic  of  the  genus  Odon- 
topteris. 

Other  fragments  exhibit  the  dissimilarity  of  the  leaflets  in  a  greater 
or  less  degree,  with  a  variety  of  intermediate  forms ;  and,  with  every 
reasonable  allowance  for  distortion,  they  lead  me  to  the  conclusion 
that  the  Odontopteris  obtusa  (of  which  small  fragments  only  have 
been  hitherto  observed)  is  merely  a  variety  of  O.  Brardii. 

The  locaHties  assigned  by  Broneniart  to  the  Od.  obtusa  are,  Lar- 
din,  near  Terrasson  (where  it  was  found  in  company  vrith  O.  Brardii 
and  O.  minor)  f  and  the  Col  de  I'Ecuelle,  near  Chamounix.  This  latter 
locality  belongs  to  the  ambiguous  formation  of  which  I  am  here 
treating.  The  Od.  obtusa  of  Lindley  and  Button's  '  Fossil  Flora ' 
(from  the  Shropshire  coal-field)  is  considered  by  Goppert  as  a  di- 
stinct species,  wnich  he  calls  O.  Lindleyana. 

6.  Pecofteris  Cyathea  (Brongn.  p.  307. 1. 101). 

Specimens  well  characterized,  and  referable  with  tolerable  certainty 
to  this  species,  or  rather  perhaps  to  the  variety  called  P.  arboreseens. 

Pecopteris  Cyathea  appears  to  be  one  of  the  most  generally  dif- 
fused of  the  fossil  ferns  or  the  coal-measures.  It  has  been  observed 
in  the  coal-fields  of  Saxony,  Bohemia  and  Silesia ;  at  St.  Etienne,  and 
various  other  localities  in  France ;  near  Osnabriick ;  in  many  of  the 
English  coal-fields,  and  in  most  of  those  of  North  America.  In  this 
enumeration  I  indude  the  locaUties  of  the  so-called  P.  arboreseens, 
as  I  find  it  impossible  to  distinguish  between  the  two  forms. 

7.  Pecopteris ? 

A  fern  very  like  P.  Cyathea,  but  with  larger  leaflets,  of  a  rounder 
form,  and  remarkably  broad  in  proportion  to  their  length.  Main- 
stalk  excessively  thick.     Venation  not  distinguishable. 

vol.  v. — PART  I.  L 
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8.  Pbcopteris  pteroides?  (Brongn.  p.  329,  t.  99.  f.  1?) 

Two  large  specimens  seem  to  approach  near  to  this  species.  The 
leaflets  are  rather  narrower  and  less  closely  set  than  in  Brongniarf  s 
fieures ;  the  venation  very  indistinct ;  and  the  hasal  leaflets  of  the 
pmnse  are  not  sufliciently  well  preserved  to  determine  the  species  with 
certainty. 

9.  Pecopteris ? 

This  seems  more  nearly  allied  to  P.  Plukenetii  (Brongn.  t.  107. 
f.  2)  than  to  any  other  described  species ;  but  the  lobes  of  the  leaflets 
are  of  a  much  rounder  form  than  in  that  plant ;  the  leaflets  them- 
selves larger  and  more  obtuse,  except  those  towards  the  extremity  of 
each  pinna,  which  become  successively  more  and  more  acute ;  and 
the  pinnae  are  broader  and  more  ovate  in  their  outline ;  venation  very 
obscure.  Another  specimen,  which  I  conjecture  to  belong  to  the 
same  plant,  and  which  is  perhaps  one  of  the  lowest  and  largest  pinnee 
of  the  frond,  is  pinnated,  with  broad  ovate  leaflets,  divided  hafr  wav 
down  into  rounded  lobes.  The  venation  in  this  specimen  is  weU 
preserved ;  the  midrib  of  each  leaflet  is  pinnated  with  rather  strong 
lateral  veins  running  into  the  several  lobes,  but  not  reaching  to  the 
extremities  of  them,  and  these  veins  are  again  pinnated  with  slender 
and  sometimes  forked  veinlets. 

10.  Calamites  approximatus  (Brongn.  Veg.  Foss.  p.  133,  t.  24). 

A  very  large  specimen,  decorticated,  but  well  characterized. 

Calam,  approximatus  has  been  found  in  the  coal-mines  of  Alais,  in 
the  department  of  the  Gard,  of  li^e,  of  St.  Etienne,  of  Bjikemiy ; 
in  several  of  the  English  coal-fields,  and  abundantly  in  those  of  Nova 
Scotia  and  Cape  Breton. 

1 1 .  Calam  iTES  Suckowii  ? 

Many  fragments,  but  none  sufficient  for  the  satisfactory  determi- 
nation of  the  species. 

12.  Asterophyllites ? 

A  species  with  short  intemodes  and  very  narrow  incurved  leaves 
many  m  a  whorl,  much  longer  than  the  intemodes. 

13.  Annularia  longifolia. 
{AsterophyUites  equisetiformis,  Lindl.  and  Hutt.  Foss.Fl.v.ii.t.  124.) 

Certainly  the  plant  of  the  'Fossil  Flora,'  and  the  same  as  No.  40 
of  my  paper  on  the  coal-plants  of  Cape  Breton. 

Found  in  the  Newcastle  coal-field,  at  Wettin  near  Halle,  and  in 
the  island  of  Cape  Breton. 

14.  Annularia ? 

A  small  species,  with  short,  wedge-shaped,  very  obtuse  leaves ;  I 
think  the  same  as  No.  41  of  my  paper  above-quoted. 
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Descriptions  of  Fossil  Plants  from  the  Col  dk  Balmk  and  other 
places  near  Chamounix. 

1.  Odontopteris  Brardii. 

The  same  as  from  the  Tarentaise.  The  leaflets  are  usoally  rather 
less  falcate  and  less  acute  than  in  Brongniart*s  figures,  and  it  passes 
by  intermediate  specimens  into  the  next  form. 

2.  Odontopteris  obtusa  ? 

Identical  with  No.  5  of  the  preceding  Hst,  but  I  do  not  find  in  any 
of  the  specimens  from  the  Col  de  Balme  that  curious  want  of  sym- 
metry wliich  is  so  striking  in  some  of  those  from  the  Tarentaise. 

3.  Neuropteris  flextjosa  (Brongn.  Veg.  Foss.  p.  239,  t.  68.  f.  2). 

The  specimens  of  this  plant  are  well  preserved  and  highly  charac- 
teristic, agreeing  precisely  with  those  from  the  coal-fields  of  North 
America.  The  specimens  in  my  collection  were  found,  as  I  was  told, 
in  the  mountains  above  Servoz ;  those  which  were  shown  to  me  by 
M.  Pictet,  in  the  museum  of  Geneva,  were  from  the  mountains  near 
Mardgny  in  the  Valais.  One  fragment  has  the  leaflets  so  broad  and 
round,  that  it  might  be  referred  to  N,  rotundi/olia,  but  I  have  ob- 
served a  similar  variation  in  English  specimens  of  N,fiexuosa, 

Neuropteris  flexuosa  is  a  very  general  and  very  abundant  fossil  in 
the  North  American  coal-fields,  especially  in  those  of  Pennsylvania 
and  Cape  Breton.  In  Europe  it  seems  to  be  less  frequent,  but  I  have 
seen  specimens  from  Pembrokeshire  and  firom  Somersetshire,  and  it 
is  recorded  from  Bohemia. 

4.  Neuropteris? 

Very  Uke  N.  conferta  of  Goppert  (Syst.  Fil.  Foss.  p.  204,  t.  40), 
but  the  specimen  is  not  perfect  enough  for  satisfactory  determination, 
and  in  particular  I  cannot  ascertain  whether  the  main  stem  b  winged 
with  decurrent  leaflets, — one  of  the  essential  characteristic  marks  of 
that  species.  I  saw  nothing  similar  to  this  among  the  specimens  firom 
the  Tarentaise. 

5.  Neuropteris  alpina  (Stemb.)  ? 

(Gopp.  Syst.  FU.  Foss.  p.  204  ?) 

Several  of  the  specimens  from  the  Col  de  Balme  seem  to  belong  to 
this  species,  though  none  of  them  are  sufficiently  perfect  to  display 
its  characters  in  a  thoroughly  satisfactory  manner.  It  is  very  likely 
that  some  of  those  from  the  Tarentaise,  which  I  placed  doubtfully 
under  N,  tenui/olia,  may  also  belong  to  this,  for,  owing  to  the  man- 
ner in  which  the  specimens  are  encrusted  with  talc,  it  is  often  diffi- 
cult to  determine  whether  the  leaflets  are  really  adnate  to  the  rhachis 
or  not,  and  the  venation  is  generally  very  obscure.  Judging  from 
those  examples  in  which  the  veins  are  best  shown,  I  should  think 
that  this  species  is  not  well  placed  in  Neuropteris, 

l2 
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6.  Pecopteris ?  (allied  to  Cyathea). 

Identical  with  No.  7  of  my  Tarentaise  list.  The  leaflets  are  shorter 
and  hroader  in  proportion  than  in  any  of  the  forms  of  the  Cyathea 
group  figured  hy  Brongniart ;  they  vary  somewhat  in  outline  in  the 
same  specimen,  heing  sometimes  nearly  round,  sometimes  more  of  a 
square  form.  The  main  stalk  is  always  remarkahly  thick  in  propor- 
tion to  the  stalks  of  the  pinnae  which  proceed  from  it. 

7.  Pecopteris ?  (allied  to  Plukenetii). 

Identical  with  No.  9  of  the  preceding  list.  It  is  perhaps  as  nearly 
aUied  to  SpHenopteris  latifolia  of  Brongniart  (Aspidites  latifoiius, 
Gopp.)  as  to  Pecopi.  Plukenetii ;  at  any  rate  it  is  one  of  those  forms 
which  might  almost  equally  well  be  referred  either  to  Pecopteris  or 
to  SphenopterU.     Venation  quite  undistinguishable  in  my  specimen. 

8.  Pecopteris  PTERoiDES? 

The  same  with  No.  8  from  the  Tarentaise ;  but  the  species  b  very 
doubtful. 

9.  Calamites ? 

Very  probably  one  of  the  forms  of  C.  Suckowii,  but  the  species 
cannot  be  determined. 

10.    ASTEROPHYLLITES  ? 

Apparently  identical  with  No.  12  of  the  preceding  list.  It  can 
hardly  be  distinguished  from  some  of  the  specimens  from  the  coal- 
field of  Cape  Breton,  which  I  haye  taken  for  AsterophylUtes  foliasa. 


2.  On  the  Geology  of  the  neighbourhood  of  Oporto,  including  the 
Silurian  Coal  and  Slates  of  Vallongo.  By  Daniel  Sharpe, 
Esq.,  F.G.S. 

On  the  1 1th  of  April,  1832*,  I  laid  before  the  Society  a  short  notice 
of  the  rocks  of  which  the  following  is  a  more  detailed  account :  since 
that  period  I  am  not  aware  that  anything  more  has  been  published 
respecting  them  ;  but  the  recent  discovery  of  shells  and  tnlobites  in 
the  Vallongo  slates  has  given  a  fresh  interest  to  the  subject. 

(A.)  Crystalline  Rocks  near  Oporto, 

The  town  of  Oporto  stands  on  a  band  of  granite  four  or  five  miles 
wide,  which  forms  the  axis  of  the  neighbourmg  rocks,  with  a  general 
direction  of  about  N.N.W. ;  it  is  enclosed  on  each  side  by  a  belt  of 
brown  micaceous  schist  with  quigrtz  veins,  to  which  succeeds  on  each 
side  a  line  of  granitic  gneiss  aitematuig  with  and  passing  into  mica- 
ceous and  chloritic  schists,  which  are  overlaid  both  to  the  north-east 
and  south-west  of  the  district  of  crystalline  rocks  by  clay-slates  of 
sedimentary  origin.  In  some  places  granite  is  found  {as  at  San 
Cosme  and  elsewhere)  in  the  place  of  the  gneiss,  and  there  are,  on  the 

•  Proceedings  of  the  Geological  Society,  vol.  i.  p.  395. 
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Fig.  1 .  Map  of  the  dUtrict  North  of  Oporto. 
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south  of  Oporto  near  Grijo  and  Villa  da  Feira,  some  peaks  of  sienite 
which  interfere  with  the  regularity  of  the  series ;  hut  notwithstanding 
these  and  other  irregularities,  there  is  an  approach  to  parallelism  in 
the  position  of  the  various  memhers  of  this  system  of  crystalline 
rocks,  the  granite  of  Oporto  appearing  to  he  the  lowest  member,  and 
to  he  overlaid  on  hoth  sides  hy  micaceous  schists,  gneiss,  and  micaceous 
or  chloritic  schists.  The  district  to  which  the  above  remarks  apply 
is  about  twenty  miles  wide,  measuring  it  from  S.W.  to  N.E.,  at  right 
angles  to  the  strike  of  the  rocks. 

The  foliation  both  of  the  schists  and  the  gneiss  usually  strikes 
about  N.N.W.,  that  is,  parallel  to  the  principal  axis  ;  but  it  dips  in 
contrary  directions  on  the  two  sides  of  the  axis,  being  usually  to  the 
S.W.  on  the  S.W.  side  of  the  Oporto  granite  and  to  the  N.E.  on  the 
N.E.  side  of  it ;  therefore  in  each  case  the  foUation  dips  away  from 
the  granite  as  if  in  the  form  of  an  arch  or  saddle.  On  the  western 
side  of  Oporto,  the  space  occupied  by  micaceous  schists  and  gneiss,  be- 
tween the  granite  and  the  Atlantic  north  of  the  Douro,  is  about  two 
miles  wide,  so  that  only  a  small  portion  of  the  western  side  of  the 
arch  of  the  cleavage-planes  b  here  seen ;  but  on  the  eastern  side  of 
the  granite  the  foUation  and  cleavage  dip  to  the  N.E.  for  a  width  of 
about  ten  miles,  ending  with  a  line  of  perpendicular  cleavage  in  the 
middle  of  the  clay-slates  about  two  miles  east  of  Vallongo :  thus  the 
cleavage  and  foliation  appear  to  form  an  irregular  arch  over  the  band 
of  granite,  of  which  the  diameter  if  fully  seen  would  be  about  twenty- 
five  miles.  Beyond  the  line  of  perpendicular  cleavage,  the  cleavage- 
planes  again  dip  S.W.  and  belong  to  another  elevation.  These  phse- 
nomena  coincide  in  principle  with  those  which  I  have  described  in 
Wales,  Cumberland,  and  Devonshire ;  and  help  to  confirm  the  rule 
that  the  planes  of  cleavage  are  arranged  in  a  sort  of  arch  over  the 
axis  of  elevation  of  the  rocks  of  the  district. 

On  both  sides  of  the  granitic  axis  the  angles  of  dip  of  the  foliation 
vary  from  60°  to  80°  with  much  irregularity.  In  the  gneiss  the  folia- 
tion is  frequently  wavy  or  even  violently  curved  ;  but  viewed  on  a 
lar^e  scale,  its  direction  is  parallel  to  that  of  the  fohation  of  the 
schists. 

Most  of  the  quartz  veins  in  the  micaceous  schists  are  parallel  to 
the  foliation  of  the  schists  ;  and  where  the  mineral  character  of  the 
schists  varies,  the  Une  of  change  is  usually  parallel  to  their  foliation. 

Where  the  sedimentarv  slates  rest  on  the  crystalline  schists  at  the 
edges  of  the  district  of  i^eous  rocks,  the  cleavage  of  the  slates  is 
parallel  to  the  foliation  of  the  schists. 

Thus  we  find  a  general  approach  to  parallelism  in  the  foliation  of 
the  crystalline  rocks,  in  the  direction  of  the  majority  of  the  quartz  veins, 
in  the  Une  of  change  in  the  minor  mineral  cnaracters  of  the  schists, 
and  in  the  cleavage  of  the  sedimentary  slates,  the  whole  of  which  cor- 
respond in  strike  with  the  line  of  the  granitic  axis  of  elevation  of  the 
district.  A  similar  parallelism  has  been  pointed  out  by  Mr.  Darwin 
in  various  parts  of  South  America,  between  the  planes  of  foliation  of 
the  gneiss  and  mica  schists  and  the  planes  of  cleavage  of  the  slates*. 
*  Darwin,  Geological  Observations  on  South  America,  chap.  6. 
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(B.)  Lower  Silurian  Formation, 

The  series  of  crystalline  rocks 
just  described  is  overlaid  on  its 
eastern  flank  by  a  band  of  rocks  of 
sedimentary  origin,  of  which  clay- 
slate  is  the  principal  feature.  Tlus 
band  of  slates  commences  northward 
on  the  coast  near  Esposende,  about 
thir^  miles  north  of  Oporto,  from 
which  place  it  runs  to  the  S.S.E., 
meeting  the  Douro  at  Jeremunde, 
about  twelve  miles  above  Oporto ; 
here  it  crosses  the  Douro  and  con- 
tinues to  the  southward,  .where  I 
have  not  followed  it. 

On  the  north  of  the  Douro  the 
band  in  question  varies  from  four 
to  eight  miles  wide,  being  bounded 
eastward  by  granite  and  sienite, 
which  form  the  greater  part  of  the 
province  of  Entre  Minho  e  Douro. 
The  most  interesting  part  of  its 
course  is  to  the  south  of  Vallongo, 
from  which  place  to  the  Douro  the 
slates   overlie  a  carbonaceous  de- 
posit containing   several  beds  of 
anthracite,  which  have  long  been 
worked  at  the  village  of  San  Pedro  "S 
de  Cova,  about  eight  miles  E.N.E.    | 
of  Oporto,  and  two  miles  S.S.W.  of   « 
Vallongo,  and  five  miles  north  of  -^ 
the  Douro.  «• 

I 

(a.)  Vallongo  Section,  ^ 

The  slate  formation  is  developed  ^^ 
on  a  larger  scale  at  this  part  than  c^ 
it  is  farther  to  the  north  :  the  Ama-  _ . 
rante  road  traverses  the  formation 
from  its  eastern    boundary    near 
Baltar,  where  it  abuts  against  sie- 
nite, and  crosses  the  beds  in  a  de- 
scendme   order   from  E.N.E.   to 
W.S. W. :  this  is  nearly  the  line  of 
this  section,  fig.  2.  The  series  is  as 
follows  in  descending  order : — 

1.  Micaceous  sandstone  usually 
of  a  yellowish  colour,  with  some 
beds  near  its  base  of  grey  carbona- 
ceous sandstone ;  usual  <up  E.N.E. 
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at  a  high  angle ;  the  lower  heds  dip  in  that  direction  60^.     This 
series  is  of  great  thickness. 

2.  Black  carbonaceous  slate  lying  conformably  below  the  micaceous 
sandstone  and  alternating  with  dark  clay-slate ;  with  the  exception 
of  some  local  undulations  the  beds  dip  N.E.  60°  to  70°,  and  the 
cleayage  of  the  beds  of  slate  dips  N.E.  70°  to  80°.  Among  the 
shales  are  numerous  beds  three  to  six  inches  thick  of  indurated  fer- 
ruginous clay  passing  into  cla^  iron-stone.  The  appearance  of  these 
carbonaceous  shales  accompanied  by  clay  iron-stone  is  exactly  that  of 
the  shales  of  our  coal-fields.  Several  small  trials  have  been  made  for 
coal  amone  the  black  shales,  but  none  has  been  found.  This  series 
b  of  considerable  thickness. 

3.  Clay-slate,  usually  dark  grey  or  black,  and  hard,  but  occasion- 
ally soft,  chloritic,  and  of  a  pink  or  yellow  colour.  The  upper  beds 
of  slate  lie  conformably  under  the  carbonaceous  shale,  dippmg  N.E. 
60°,  with  a  cleavage  which  dips  N.E.  80°  ;  a  Uttle  farther  westward 
the  same  beds  dip  W.  30°  S.  25°,  the  cleavage  dipping  W.  30°  S.  65""; 
this  dip  continues  to  Ponte  Ferreira,  west  of  which  the  slates  r^ain 
their  usual  direction,  dipping  S.E.  45°,  and  the  cleavage  S.W.  80°. 
About  1^  mile  east  of  Vallongo  the  cleavaee  is  perpendicular  with 
a  strike  of  N.  30°  W.,  which  is  the  mean  direction  of  the  strike  of 
the  beds  and  cleavage-planes :  the  slate  at  this  spot  is  of  a  light 
colour  and  contains  chlorite.  Thence  to  Vallongo  is  a  hard  dark 
roofing-slate  of  the  finest  quality,  dip  N.E.  45°,  mp  of  the  cleavage 
N.E.  60°  to  70°.  These  slates  are  extensively  quarried  near  Vallongo 
for  slabs  and  flags,  but  have  not  yet  been  appUed  to  roofing,  which 
throughout  Portu^  is  made  of  tiles.  The  lowest  beds  of  this  series 
are  soft,  of  light  colours  and  chloritic.  The  thickness  of  the  slate 
series  must  be  very  considerable,  but  owing  to  several  undulations  of 
the  beds  it  is  difficult  to  estimate  it.  The  lower  beds  of  the  dark 
grey  slate,  and  all  the  beds  of  the  lighter  soft  slates  at  the  base  of 
the  series,  are  rich  in  organic  remains,  which  I  collected  to  the  north, 
south,  and  west  of  Vallongo ;  but  I  found  none  to  the  eastward  of 
that  village,  nor  in  any  of  Uie  beds  above  the  fine  roofing-slate.  Most 
of  these  rossils  are  of  new  species,  but  they  are  all  of  forms  common 
in  the  Lower  Silurian  rocks  of  the  north  of  Europe,  and  all  the  known 
species  amone  them  belong  to  the  Lower  Silurian  formation. 

The  followmg  species  were  found : — 
Calymene  Tristani,  Brongniart,  Tril.  pi.  1.  fig.  2. 

,  another  species  ;  specimens  imperfect. 
Ogygia  Guettardi,  Broneniart,  Tril.  pi.  3.  fig.  1 . 
Isotelus  Pawisii,  Portlock,  Londond.  pi.  6.  fig.  1. 
IlUenus  Lusitanicus,  n.  s. 
Chirurua ;  fragments  of  an  undescribed  species. 
Beyrichia  or  Vy there ;  a  small  species,  abundant. 
OrthU  Noctilio,  n.  s. 

Minietms,  n.  s. 

Duriensis,  n.  s. 

-  Lusitanica,  n.  s. 

,  fragments  of  several  other  species. 
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Orthoceraa  remotum,  Salter,  MSS. 

,  a  fragment,  2^  inches  in  diameter. 

Bellerophon  Durierms,  n.  s. 

Graptolithus  Murckisoni  ?,  Sil.  Syst.  pi.  26.  fig.  4. 

Besides  the  above,  I  saw  many  shells  and  trUobites  too  imperfect 
to  be  determined  ;  the  fragments  of  trilobites  are  very  abundant,  and 
many  of  them  are  remarkable  for  their  size ;  one  crushed  specimen 
measures  seven  inches  across  the  body.  Many  impressions  of  the 
tails  of  trilobites  were  seen  between  six  and  nine  inches  across,  but 
all  much  distorted. 

Mr.  Salter  has  had  the  kindness  to  assist  me  in  determining  the 
species  of  the  trilobites ;  and  Mr.  Morris  has  helped  to  fix  the  spe- 
cific characters  of  the  shells. 

4.  Carboniferous  series  of  San  Pedro  de  Cova :  this  series  of  beds 
lies  conformably  under  the  slate  series  just  described,  and  the  passage 
from  the  one  set  of  beds  to  the  other  is  gradual ;  the  following  are 
the  details,  viz. : — 

a.  Red  sandstone,  dip  E.N.E.  \  N.  45^ ;  several  hundred  feet  thick, 
with  alternations  of  dark  carbonaceous  beds  in  the  lower  part. 

b.  Coarse  conglomerates  of  different  characters  alternating  with 
black  carbonaceous  shales :  some  of  the  conglomerates  are  quartzose 
and  micaceous,  others  grey  with  a  good  deal  of  carbon  ;  tne  whole 
many  hundred  feet  thick*. 

c.  Coal ;  about  six  feet  thick. 

d.  Coarse  micaceous  conglomerate  alternating  with  black  carbo- 
naceous shale. 

e.  Coal ;  too  thin  to  be  worked. 

/.  Coarse  carbonaceous  conglomerate. 

ff.  Coal ;  four  beds  from  two  to  five  feet  thick,  varying  in  thick- 
ness in  different  spots,  and  separated  by  three  or  four  feet  of  black 
shale.  These  beds  are  all  worked  from  the  same  galleries,  and 
furnish  at  present  the  principal  supply  of  coal.  They  rest  on  black 
shale. 

h.  Shales  containing  chlorite,  resembling  in  colour  the  chloritic 
schists  on  which  they  rest,  and  from  the  debris  of  which  they  have 
evidently  been  formed. 

The  carbonaceous  series  No.  4  is  probably  between  1000  and 

*  Both  in  the  shales  and  sandstones  impressions  of  vegetable  remains  are  found, 
but  usually  in  bad  preservation.  Mr.  Charles  J.  F.  Bunbury  has  had  the  kindness 
to  examine  the  specimens,  and  finds  in  them  **  indications  of  three  species  of  ferns, 
all  in  bad  preserration  and  very  indistinct;  the  best-preserved  specimen  is  in  fruc- 
tification, and  seems  to  have  a  strong  resemblance  to  Pecopterii  C^aMea,  which  is 
a  common  fern  of  the  coal-measures.  Another  is  extremely  indistinct,  but  reminds 
us  in  some  degree  of  Pecopterii  murieata.  The  third  resembles  NeuropterU 
iemtifbiia  in  the  form  of  its  leaflets ;  but  the  total  obliteration  of  the  veins  makes 
it  impossible  to  pronounce  upon  it  with  any  approach  to  confidence."  It  thus 
appears  from  the  note  vrith  which  Mr.  Bunbury  has  favoured  me,  that  there  are  in 
the  carboniferous  beds  at  Yallongo  several  ferns  with  strong  resemblance  to  certain 
ipedes  known  in  the  coal-measures.  Now  that  attention  has  been  drawn  to  a  cir- 
cumstance of  so  much  interest,  it  is  to  be  expected  that  before  long  specimens  may 
be  brought  to  light  which  will  show  whether  the  same  species  of  plant  existed  at 
two  penods  so  remote  from  one  another. 
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1500  feet  thick  :  it  rests  on  the  crystalline  chloritic  schists  described 
at  the  beginning  of  the  paper  (p.  1 44) .  The  dip  of  all  the  beds  of  the 
carbonaceous  series  at  San  Pedro  de  Cova  is  E.N.E.  ^  N.  45*^,  which 
corresponds  with  the  dip  of  the  fossiliferous  slates  of  Vallon^  ;  the 
country  between  the  two  places  is  a  rough  mountainous  district,  with 
little  Tcgetation ;  the  outcrop  of  the  beds  is  seen  eveiywhere,  and  their 
relative  position  does  not  admit  of  doubt. 

The  coal  is  worked  b^  inclined  shafts  which  follow  the  dip  of  the 
beds,  the  deepest  of  which  in  1844  was  about  600  feet ;  at  that  time 
I  was  informed  that  about  4500  tons  of  coal  were  raised  annually, 
which  are  consumed  principally  in  Oporto.  The  prices  at  the  pit's 
mouth  were  then  about  equal  to  6s.  3d.,  15«.  and  25«.  per  ton  for  the 
three  qualities  into  which  it  is  sorted :  the  carriage  by  land  to  Oporto 
costs  about  68.  3d.  per  ton. 

The  coal  is  an  anthracite  of  very  pure  quality,  containing  very  little 
bituminous  matter. 

The  same  beds  of  coal  have  been  opened  on  a  smaller  scale  on  the 
north  bank  of  the  Douro  at  Jeremunde,  about  twelve  miles  above 
Oporto,  and  they  have  been  traced  from  that  spot  to  San  Pedro  de 
Cova,  but  they  are  nowhere  so  thick  as  at  the  latter  place.  North 
of  San  Pedro  de  Cova  this  whole  carboniferous  series  thins  away  very 
rapidly,  and  the  beds  die  out  completely  about  a  mile  and  a  half 
north  of  that  place,  thinning  off  agamst  the  crystalline  rocks  of  the 
Serra  de  Yallongo,  which  there  project  considerably  to  the  eastward 
of  their  prindp^  line.  Where  the  Oporto  road  crosses  the  Serra  de 
Yallongo,  the  fossiliferous  clay-slates  of  Yallongo,  No.  3,  rest  imme- 
diately on  the  crystalline  micaceous  and  chloritic  schists  ;  and,  as  far 
as  I  observed,  the  same  is  the  case  along  the  whole  course  of  Uie  for- 
mation to  the  northward  of  Yallongo.  It  appears  that  the  carboni- 
ferous series  No.  4  is  a  very  local  deposit,  only  found  to  the  south- 
ward of  the  road  ftom  Oporto  to  Yallongo,  and  which  attained  an 
unusual  development,  under  some  peculiarly  favourable  circumstances, 
in  a  deep  bay  left  in  the  granitic  cham  near  San  Pedro  de  Cova.  It 
would  be  interesting  to  trace  put  the  course  and  character  of  the 
coal-beds  on  the  south  of  the  Douro,  but  this  I  believe  has  never 
been  done. 

(b.)  Section  along  the  Brag  a  road. 

The  slate  formation  is  developed  on  a  smaller  scale  to  the  north- 
ward of  Yallongo.  Where  it  is  crossed  by  the  road  from  Braga  to 
Oporto,  the  following  series  of  beds  is  exposed  in  descending  order : — 
Sienite  reaching  to  two  miles  south  of  YiJla  Nova  de  Famelicao ;  then, 

1 .  Coarse  red  micaceous  sandstone,  which  becomes  more  and  more 
slaty  in  the  lower  beds. 

2.  Black  carbonaceous  shale,  with  some  beds  of  coarse  grit  and 
also  of  clay  iron-stone  :  nearly  perpendicular  with  a  strike  of  N.N.W. 
The  spot  where  the  road  crosses  these  beds  is  called  Terra  Negra, 

3.  The  above  pass  into  a  soft  grey  clay-slate,  cleavaj^  perpendicular, 
striking  N.N.W.,  followed  by  soft  slates  of  various  light  colours,  with 
some  altemations  of  slaty  sandstone  and  of  indurated  ferruginous 
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clay.  These  beds  reach  to  the  banks  of  the  river  Ave  at  Barco  da 
Trofa,  where  they  rest  on  a  soft  chloritic  slate ;  strike  N.N.W. :  a 
little  south  of  Yenda  da  Serra  this  rests  on  granite. 

(c.)  The  section  crossed  by  the  road  from  Vianna  to  Oporto  pre- 
sents the  same  features  as  the  above.  It  appears  that  throughout  the 
whole  course  of  the  formation  the  three  upper  divisions  of  the  forma- 
tion, sandstone,  carbonaceous  shale  and  clay-slate,  are  everywhere  to 
be  distinguished ;  but  that  the  lower  carbonaceous  division  is  not  to 
be  found  north  of  Vallongo.  There  is  everywhere  to  be  seen  a 
gradual  passage  between  the  beds  of  the  different  divisions,  which 
leaves  no  doubt  that  the  whole  are  to  be  regarded  as  subordinate 
parts  of  one  formation.  And  the  great  simHarity  in  mineral  cha- 
racter between  the  black  carbonaceous  shales  No.  2,  in  the  middle  of 
the  formation,  with  the  beds  associated  with  the  coal  in  the  lowest 
division  No.  4,  farther  connects  the  whole  together. 

(C.)  Bjoadfrom  Oporto  to  Aveiro, 

A  similar  series  of  Silurian  rocks  is  seen  about  thirty  miles  to  the 
sooth  of  the  Douro,  on  the  road  from  Oporto  to  Aveiro :  after  leaving 
the  granite  of  Oporto  the  road  crosses  brown  micaceous  and  argilla- 
ceous schists,  the  foliation  of  which  strikes  N.W.,  and  dips  S.W.  80*'. 

Granite,  with  occasional  peaks  of  sienite. 

Gneiss  ;  dip  of  the  foliation  S.W.  30°. 

Micaceous  schists  alternating  with  gneiss ;  dip  of  foliation  S.S.W. 
from  60°  to  80°. 

Sienite  at  Villa  da  Feira. 

Micaceous  and  chloritic  schists  striking  W.N.W.,  which  continue 
to  Ovar,  beyond  which  place  the  Silurian  slates  are  seen  in  the  follow- 
ing ascending  series : — 

3.  Clay-slate,  strike  N.,  dip  of  cleavage  E.  80°  varying  to  S.E.  80°, 
of  considerable  thickness. 

2.  Carbonaceous  shale  which  hes  over  the  preceding  near  Estareja, 
and  alternates  with  red  slaty  sandstone,  dip  S.E.  60°,  dip  of  cleavage 
S.E.  80°. 

1 .  Red  slaty  sandstone. 

Beyond  Angeja  these  beds  are  covered  up  by  a  thick  deposit  of 
coarse  gravel  which  conceals  the  strata  over  the  great  plain  round 
Aveiro. 

From  the  direction  taken  by  the  Silurian  slates,  they  ought  to  cross 
the  high  road  from  Oporto  to  Coimbra  near  the  banks  of  the  Vouga  ; 
but  beyond  the  southern  termination  of  the  micaceous  schists  near 
Albergaria  Nova,  the  whole  country  is  completely  covered  with  gravel, 
which  reaches  to  a  red  sandstone  seen  on  the  banks  of  the  Vouga 
near  Sardao ;  so  that  we  are  left  in  doubt  whether  the  slates  are  con- 
tinued in  this  direction. 

The  red  sandstone  of  Sardao  is  a  fine-grained  freestone  in  thin 
beds  separated  by  partings  of  red  marl,  resembling  the  new  red  sand- 
stone of  our  Midland  counties ;  it  dips  S.E.  5°,  and  is  overlaid  to  the 
southward  by  sands  which  belong  either  to  the  oohtic  or  cretaceous 
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•period.  We  have  no  clear  guide  to  the  age  of  the  Sardao  red  sand- 
'  stone  ;  but  from  its  minersd  character  and  horizontal  position,  I  re- 
^rd  it  as  of  secondary  origin,  and  do  not  connect  it  with  the  Silurian 
romiation  of  Ovar  and  Estareja. 

I  have  here  described  the  only  beds  referable  to  the  Silurian 
system  which  fell  under  mj  own  obserration  in  Portugal ;  but  rocks 
resembling  in  mineral  character  the  clay-slates  and  sandstones  of  the 
Vallongo  section  haye  been  described  by  Dr.  Bebello  de  Caryalho  as 
forming  the  high  chain  of  the  Serra  de  Marao  near  Amarante,  and 
coyerine  the  whole  of  the  celebrated  wine-district  of  the  Upper  Douro, 
in  which  all  the  fine  port  wines  are  produced  upon  the  slates ;  the 
line  of  the  granitic  boundary  being  the  exact  limit  to  the  cultiyation 
of  the  finer  qualities  of  wine*. 

Similar  clay-slates  and  roofing-slates,  accompanied  by  slaty  sand- 
stones, coyer  the  eastern  side  of  Gallicia  according  to  Schulzf,  and 
are  stated  by  Link  to  form  the  greater  part  of  the  proyince  of  Trai  os 
Montes,  both  flanks  of  the  great  granite  chain  of ,  the  Serra  de  Es- 
trella,  and  a  great  part  of  the  district  enclosed  between  the  Zezere 
and  the  frontier  of  SpainJ:  andwe  find  similar  rocks  described  in 
Spanish  Estramadura  by  Le  Play  §.  No  one  has  yet  ascertained  the 
exact  geological  age  of  these  rocks ;  but  on  comparing  the  descrip- 
tions giyen  of  their  position  and  mineral  characters  with  those  of  the 
now-ascertained  Silurian  formation  of  Vallongo,  it  becomes  highly 
probable  that  future  obseryers  will  find  the  Silurian  system  largely 
deyeloped  throughout  these  parts  of  the  Peninsula. 

Description  of  the  Organic  Remains. 
IsOTELUs  Powisii  ?  (Portlock,  Londonderry,  &c.  pi.  6.  fig.  1). 

The  specimen  consists  of  the  tail  and. a  portion  of  the  last  joint  of 
the  body,  and  is  not  enough  to  determine  the  species  with  certainty. 
It  differs  from  the  specimen  figured  as  Jsaphus  Powisii  ia  the  'Silu- 
rian System,'  pi.  23.  fig.  9,  but  agrees  well  with  Captain  Portlock's 
figure ;  if  the  latter  prove  a  distinct  species,  the  Portuguese  trilobite 
must  be  classed  with  it. 

Found  in  slate  at  Vallongo  near  Oporto. 

Illjbnus  Lusitanicus,  n.  s. 

Glabella  broad  anteriorly  and  contracted  posteriorly  ;  yenr  convex. 
Eyes  placed  nearer  the  back  than  the  front  of  the  head,  about  one- 
third  of  the  length  of  the  head  from  the  back. 

Body  of  ten  rings  divided  into  three  nearly  equal  parts  by  two  deep 
furrows  ;  the  central  portion  very  convex. 

*  CoDsideragoes  geraes  sobre  a  cons^tuifSo  do  Alto-Doturo.  By  Joz^  Pinto 
Rebello  de  Canralho.  1848 

t  DescripcioD  Geognostica  del  Reino  de  Galida  por  Don  G.  Schulz.  1835. 

X  Geologiscbe  und  Mineralogiscbe  Bemerkungen  auf  einer  Reise  durch  das 
siidwcstlicne  Europa,  besorders  Portugal.    Von  H.  F.  Link.  1801. 

§  Observations  sur  rEstramadurc  et  la  Nord  de  I'Andalusie.  F.  Lc  Play.  Annales 
des  Mines,  3«»«  s^rie,  vol.  vi.  p.  297, -and  pi.  6.    1834. 
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Tail  conTex,  very  broad,  considerably  wider  tban  the  head,  and 
projecting  far  beyond  the  sides  of  the  head  when  the  animal  is  rolled 
up  ;  its  anterior  margin  lobed,  with  a  waved  outline  ;  fiirrows  marking 
the  axis  very  faint ;  axis  very  small ;  its  length  equal  to  about  one- 
third,  and  its  breadth  only  equal  to  two-sevenths  of  that  of  the  tail. 

Length  of  the  animal  about  3  inches. 

Head :  length  1  inch  ;  greatest  breadth  1^  inch. 

Tail :  length  1^  inch ;  greatest  breadth  If  inch. 

Found  in  slate  at  Vallongo. 

Unfortunately  the  head  of  the  specimen  has  been  crushed  in  at  the 
sides,  which  makes  it  doubtful  how  far  the  triangular  outline  it  now 
presents  is  natural  •,  and  the  general  condition  of  the  specimen  does 
not  admit  of  a  good  description  of  the  species. 

The  most  marked  peculiarity  seen  is  me  great  breadth  of  the  tail, 
both  compared  to  the  head  and  to  its  own  axis,  which  occupies  Uttle 
more  than  one-fourth  of  the  breadth  of  the  tail. 

The  J.  ffiffanteus  of  the  Angers  slates,  Burm.  t.  3.  f.  10,  is  the 
only  described  species  to  which  this  can  possibly  be  related,  having 
the  same  narrow  caudal  axis ;  but  the  Portuguese  trilobite  has  a  far 
broader  tail  than  is  shown  id  the  only  figure  yet  published  of  that 
species.  Unfortunately  the  J.  giganteus  is  so  htUe  known  and  so 
slightly  figured,  that  we  have  not  the  means  of  any  certain  comparison 
with  it. 

Fig.  1  a.  PI.  VI.  head  and  part  of  the  body. 

Fig.  1  h,  PI.  VI.  tail  of  the  same  specimen. 

Orthis  Noctilio,  n.  sp. 

Shell  nearly  flat ;  outhne  semi-ovate  with  sides  nearly  straight ; 
length  about  two-thirds  of  the  width  ;  thickness  inconsiderable. 

Dorsal  valve  shghtly  convex,  with  an  elevated  mesial  ridge. 

Ventral  valve  nearly  flat,  with  a  mesial  furrow  correspondmg  to  the 
ridge  of  the  dorsal  vfdve. 

Hinge-areas  narrow,  slightly  produced  beyond  the  sides  of  the 
shell. 

Surface  covered  with  fine  concentric  lines,  and  ornamented  with 
narrow  unequal  ribs  which  bifurcate  several  times,  being  about  1 5  in 
number  near  the  hinge,  50  at  the  middle  of  the  valve,  and  between 
60  and  70  at  the  margin. 

Interstices  wider  than  the  ribs. 

Interior  margins  of  the  valves  strongly  crcnated. 

Length  1^  inch  ;  width  at  the  hinge  2\  inches. 

Found  in  slate  near  Vallongo. 

The  elevated  ridge  on  the  dorsal  valve  connects  this  species  with 
the  O.  bilobata.  Sow.,  and  O.  vespertiliot  Sow.,  which  are  found  in  the 
Lower  Silurian  rocks  of  this  countrv :  it  is  distinguished  from  both 
those  shells  by  coarser,  simpler  and  less  numerous  ribs. 

Fig.  2  a,  PI.  VI.  Ventral  valve,  from  the  cast  of  adistorted  specimen. 

Fig.  2  b.  Ventral  valve ;  interior  of  the  same  specimen. 

Fig.  2  c.  Interior  of  dorsal  valve. 
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Orthis  Miniensis,  q.  sp. 

Shell  rather  flat ;  outline  nearly  semicircular,  with  the  greatest 
width  at  the  hinge. 

Dorsal  valve  moderately  convex,  with  a  slight  mesial  elevation. 

Ventral  valve  flat,  with  a  faint  mesial  depression. 

Valves  covered  with  well-marked  concentric  lines  and  ornamented 
with  20  to  30  narrow  rounded  simple  ribs,  reaching  from  the  hinge- 
area  to  the  margin,  and  separated  oy  broad  flat  interstices.  At  the 
middle  of  each  valve  short  narrower  ribs  are  inserted  between  the 
others,  giving  that  part  a  more  crowded  appearance  than  the  sides  of 
the  sheU :  these  intermediate  ribs  vary  from  4  to  8. 

Length  -J-  of  an  inch ;  width  l^  inch. 

Found  in  slate  near  Vallongo. 

Fig.  3  a.  PL  VI.  Dorsal  valve,  from  the  cast  of  a  fragment  in  which 
the  shell  is  rendered  narrower  by  compression. 

Fig.  3  b.  Dorsal  valve,  from  a  cast :  in  this  specimen  the  width  of 
the  shell  is  exaggerated. 

Orthis  Duriensis,  n.  sp. 

Shell  concavo-convex ;  outline  nearly  semicircular ;  greatest  width 
close  below  the  hinge. 

Ventral  valve  slightly  concave,  with  a  broad,  shallow  mesial  sinus  ; 
ornamented  with  about  50  delicate,  slightly  raised  ribs,  all  reaching 
from  the  hinge  to  the  margin,  and  separated  by  wide  interstices.  Be- 
fore they  reach  the  middle  of  the  valve  a  narrow  furrow  is  impressed 
upon  each  rib,  this  grows  a  little  wider  and  deeper,  and  finally  divides 
the  rib  into  two  faint  rays,  which  run  on  together  to  the  margin, 
which  they  reach  in  regular  pairs.     Hinge-area  very  narrow. 

Dorsal  valve  ;  hinge-area  broad  and  longitudinally  striated.  An- 
other specimen,  which  appears  to  be  the  dorsal  valve  of  this  species, 
is  regularly  convex,  without  any  mesial  elevation. 

Length  j-  of  an  inch  ;  width  If  inch. 

Found  in  slate  at  Vallongo. 

Fig.  4  a.  Ventral  valve,  from  a  cast. 

Fig.  4  b.  Ribs  of  the  same  specimen  magnified. 

Orthis  Lusitanica,  n.  sp. 

Shell  concavo-convex ;  outline  rather  exceeding  a  semicircle,  with 
the  angles  at  the  end  of  the  hinge-line  rounded  off ;  greatest  width 
a  little  below  the  hinge. 

Dorsal  valve  regularly  convex,  the  greatest  elevation  being  about 
the  middle  of  the  valve  ;  hinge-area  twice  the  breadth  of  that  of  the 
ventral  valve. 

Ventral  valve  somewhat  concave  ;  hinge-area  narrow. 

Valves  covered  with  fine  concentric  lines,  and  ornamented  with  24 
to  30  narrow  rounded  simple  equal  ribs,  all  reaching  from  the  hinge- 
line  to  the  margin,  and  separated  by  broad  flattened  interstices. 

Length  |  of  an  inch ;  width  at  the  hinge  1^  inch  ;  greatest  width 
If  inch. 
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Fig.  5  a.  Dorsal  yalve. 

Fig.  5  5.  Impressioii  of  ventral  valve. 

The  present  shell  is  distinguished  from  all  the  published  Lower 
Sflurian  species  of  Orthis  having  simple  ribs  by  the  concavity  of  its 
ventral  valve.  This  is  a  rare  character  in  the  genus,  and  connects  it 
with  O.  semieircularis,  Eichw.  and  O.  carinata,  Conrad,  Ann.  Rep. 
1839,  p.  64.  Nevertheless  I  do  not  feel  sure  that  this  may  not  ulti- 
mately prove  a  variety  of  O.  callactis,  Dalm.,  a  species  which  unfortu- 
nately has  never  been  published  with  sufficient  detail. 

Orthoceras  VA6AN8,  Salter,  MSS. 

Smooth ;  long  tapering  when  young,  more  conical  when  old :  septa 
broad  elliptical,  obUque  on  the  longer  axis,  moderately  distant  in  the 
young  shell,  distant  by  more  than  the  diameter  in  mid-age,  and  by 
less  than  one-fourth  of  the  diameter  when  old,  deep  cup-shaped ; 
siphuncle  nearly  central. 

This  species  differs  from  O.  distans.  Sow.,  in  its  smaller  size,  and  in 
the  more  central  position  of  the  siphuncle.  O.  interruptust  Munster, 
is  most  like  our  species,  but  the  septa  grow  more  distant  with  age  and 
are  more  oblique,  and  it  has  a  slight  swelling  of  the  shell  between  the 
septa. 

This  species  is  abundant  in  the  Lower  Silurian  rocks  of  Wales  and 
Westmoreland.  J.  W.  Salter. 

Found  in  slate  at  Yallongo  near  Oporto. 

fig.  6  a.  A  young  specimen. 

fig.  6  6.  One  septum  of  an  older  shell. 

Bellerophon  Duriensis,  n.  sp. 

Shell  nearly  globose,  umbilicated,  smooth ;  aperture  two-lobed, 
divided  in  front  by  a  deep  angular  sinus  ;  the  lobes  produced,  their 
outline  nearly  triangular  with  the  apex  rounded  off. 

Diameter  about  1  inch. 

Found  in  slate  at  Yallongo. 

This  shell  nearly  resembles  the  B,  bilobatas,  Sow.,  from  which  it 
differs  in  the  angular  form  of  the  sinus,  and  the  triangular  outline  of 
the  lobes  of  the  aperture  which  are  bounded  by  two  lines  nearly 
'straight,  and  only  rounded  at  their  extremities.  It  is  also  closely 
allied  to  B.  elongatus,  Portl.  pi.  29.  fig.  4. 
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LIBRARY  OF  THE  GEOLOGICAL  SOCIETY, 

November  Ut  to  December  31*/,  1848. 


I.    TRANSACTIONS  AND  JOURNALS. 

Presented  by  the  respective  Societies  and  Editors, 

American  Journal  of  Science.  Second  Series,  vol.  vi.  nos.  1 7  and  1 8. 

Annales  des  Mines.     Quatri^me  S^rie,  Tome  xii.  liv.  5  and  6  ;  and 
tome  xiii.  liv.  1  and  2. 

Atheneeum  Journal,  November  and  December  1848. 

Boston  Society  of  Natural  History,  Journal.     Vol.  v.  No.  4. 

China  Branch  of  the  Royal  Asiatic  Society,  Transactions,  1847. 

France,  Society  G^logique  de.  Bulletin.      Deux.  S^rie,   tome  iv. 
feuilles  4-78,  and  tome  v.  feuilles  9-28. 

,  Bulletin.      Deux.  S^rie,  tome  iii.  feuilles  23-30.     From 

J.  P.  Pratt,  Esq.,  F.G.S. 

Indian  Archipelago,  Journal  of  the.     Vol.  ii.  No.  9. 

Irish  Academy  (Royal),  Proceedings.     Vol.  iii.  part  3,  and  vol.  iv. 
part  1. 

Liverpool,    Literary  and    Philosophical    Society  of,   Proceedings. 

No.  4,  1848. 
Philadelphia,  Academy  of  Natural  Sciences  of,  Proceedings.    Vol.  iv. 

no.  4. 

Philosophical  Magazine.     From  R.  Taylor,  Esq,,  F,G.S, 

Tyneside  NaturaUsts'  Field  Club,  Transactions.    Vol.  i.  parts  1  and  2. 
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II.    GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  in  iteUies  presented  by  the  Authors. 

Bartin,  Fran^ois-Xavier,  Oryctograpbie  de  Bruxelles,  ou  Descrip- 
doa  des  Fossiles  tant  naturek  qa*accidentels  d^uverts  jusqu  k 
cc  jour  dans  les  enviroQS  de  cette  ville.  From  G.  B.  Green- 
ough^  Esq.,  F.P.G.S. 

D^ArcMae,  A.  Histoire  des  Progr^s  de  la  Gr^logie  de  1834  k  1835, 
tome  ii.  part  1 . 

D€undson,  T,  M^moire  sur  les  Bracbiopodes  du  Syst^me  Silurien 
Sup^rieur  d'Angleterre. 

DiUwyn,  L.  W.     Materials  for  a  Fauna  and  Flora  of  Swansea. 

Dufrhwu  et  Elie  de  Beaumont.  Explication  de  la  Carte  Gr^logique 
de  ia  France,  tome  ii. 

EUe  de  Beaumont,  L.  Note  sur  les  Syst^mes  de  Montagues  les  plus 
anciens  de  TEurope. 

G9ppert,  Pro/.  Uebersicht  der  Arbeiten  und  Verandenmgen  der 
Scblesiscben  Gresellscbafl  fiir  vaterlandiscbe  Kultur  im  Jabre 
1847. 

Gygax,  Dr  Report  on  tbe  Greologi  cal  Formation  of  tbe  Island  of 
Ceylon.     From  the  Right  Honourable  Earl  Grey. 

Joly,  N.,  et  Leytnerie.     M^moire  sur  les  Nummulites. 

Portloek,  Lt.'Col.  Aide-M^moire  to  tbe  MiUtary  Sciences.  Parti, 
vol.  ii. 

Richardson,  Joshua.     On  tbe  Prevention  of  Accidents  in  Mines. 

Zoology  of  tbe  Voyage  of  H.M.S.  Samarang  during  tbe  years 
1843-1846.     Nos.  1,  2  &  3.     From  Messrs.  Reeve. 
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PROCEEDINGS 

OF 
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December  13,  1848. 

Thomas  Josiah  Lang,  Esq.,  and  Charles  BrumeU,  Esq.,  were  elected 
FeDows  of  the  Society. 

The  first  part  of  the  following  communication'*'  was  read : — 

I.  On  the  Geological  Structure  of  the  Alps,  Apennines  and  Car- 
pathians, more  especially  to  prove  a  transition  from  Secondary 
to  Tertiary  rocks,  and  the  development  of  Eocene  deposits  in 
Southern  Europe.  By  Sir  Roderick  Impey  Murchison, 
F.R.S.  G.S.  L.S.,  Hon.  Mem.  R.S.  Ed.,  R.I.  Ac,  Mem.  Imp.  Ac. 
Sc.  St.  Pet.,  Corr.  Mem.  Ac.  France,  Berlin,  Turin,  &c.  &c. 

0  Introduction. 

The  numerous  mineral  distinctions  of  the  various  rocks  composing 
the  Alps,  and  their  separation  into  more  or  less  crystalline  masses, 
were  the  chief  objects  of  the  researches  of  the  illustrious  De  Saus- 
sure ;  and  some  time  elapsed  before  it  was  thought  possible  to  bring 
these  mountains  into  an3rthing  like  a  comparison  with  the  sedimen- 
tary deposits  of  other  jMurts  of  Europe,  the  determination  of  which 

*  Part  second  wu  read  on  Janoary  17, 1849. 
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had  been  established  b^  their  normal  order  of  position  and  their 
imbedded  organic  remams.  As  soon  however  as  Brochant  (1808) 
declared  his  belief,  that  large  crystalline  masses  of  the  Central  and 
Savoy  Alps,  which  had  previously  been  considered  of  primary  age, 
belonged  to  the  earUer  sedimentary  or  transition  period,  a  new  field 
of  research  was  prepared ;  and  Dr.  Buckland  made  a  still  more 
important  step,  in  a  very  able  essay,  wherein  he  boldly  synchronized, 
in  a  general  manner,  the  so-called  transition  rocks  of  Brochant,  with 
our  secondary  British  types*.  Stimulated  by  su^  examples,  and 
also  by  the  researches  of  Brongniart,  Yon  Buch,  K.  de  Beaumont, 
Bou4  Lill  von  LiUenstein  and  others.  Professor  Sedgwick  and  my- 
self published  our  views  in  a  memoir  in  the  Transactions  of  the  Geo- 
logical Society  f,  accompanied  by  a  general  geological  map  of  the 
Eftstem  Alps.  Since  that  period,  however,  much  progress  having 
been  made,  by  applying  to  this  chain  the  more  accurate  ^owledge  of 
the  order  of  eqmvalent  formations,  I  had  the  strongest  desire  to 
revisit  my  old  ground,  to  compare  it  with  those  r^ons  of  the  Alps 
formerly  unexplored  by  me,  yet  rendered  classic  by  the  discoveries  of 
my  contemporaries,  and  to  correct  any  erroneous  views  I  might  have 
entertained.  The  ^eat  stimulus  to  my  researches  was,  however,  that 
I  could  not  reconcile  some  of  the  phenomena  I  had  formerly  seen 
with  the  view  of  succession  adopted  in  nearly  every  work  and  map  of 
modem  times,' which  represent  the  so-called  cretaceous  deposits  oi 
the  Alps  and  Italy  as  being  succeeded  at  once  by  the  younger  tertiary 
strata,  almost  to  the  entire  exclusion  of  the  eocene  or  older  tertiary. 
One  small  tract  only  (the  Vicentine)  was  supposed  by  some  authors 
to  be  of  lower  tertiary  age,  whilst  others  even  classed  it  with  the  chalk. 
I  felt  as  certain  as  when  we  wrote  our  memoir,  that  however  Professor 
Sedgwick  and  myself  might  have  erred  in  regard  to  the  age  of  the 
€rosau  deposits,  there  were  still  good  evidences  of  the  transition  from 
secondary  to  tertiary  on  which  we  had  insisted,  and  which  could  not 
be  put  aside  nor  overlooked.  For  example,  I  was  convinced,  that 
there  could  be  no  mistake  in  the  sections  on  the  flank  of  the  Venetian 
Alps  near  Bassano,  which  I  presented  to  this  Society  before  I  ex- 
plored the  Austrian  Alps, — sections  that  pointed  out  in  the  clearest 
manner  the  passaee  from  the  surface  of  the  chalk  into  the  oldest 
tertiary  strata,  and  from  them  into  newer  deposits  with  subapennine 

*  See  Anntls  of  Philosophy,  an.  1821,  vol.  xvii.  p.  450.  It  is  also  hut  justice  to 
the  late  Mr.  Bakewell,  to  state  that  in  examining  the  Alps  of  Savoy  and  the  Taren- 
taise  in  the  same  summer  as  Dr.  Buckland,  he  arrived  at  a  similar  conclusion 
(see  Travels  in  the  Tarentaise  and  various  parts  of  Grecian  and  Pennine  Alps, 
vol.  ii.  p.  410).  In  relation  to  my  own  researches  I  may  now  state,  that  in  the 
year  1829 1  went  along  the  Maritime  Alps,  and  afterwards,  hy  Turin,  to  the  Vicen* 
tine,  with  Sir  C.  Lyell.  In  the  autumn  of  the  same  year  I  made  the  Bassano  sec- 
tion and  traversed  the  Tyrolese  Alps.  In  1829  Professor  Sedgwick  and  myself 
examined  the  Eastern  Alps,  Styria  and  lUyria.  In  1830  I  returned  alone  to  the 
Eastern  Alps,  and  did  not  revisit  them  until  1847.  In  1843  I  made  an  excursion 
from  Cracow  to  the  Carpathian  chain  with  Professor  Zeuschner,  and  in  the  yean 
1847  and  1348  I  was  chiefly  occupied  in  collecting  data  for  this  memoir. 

t  Vol.  iii.  Second  Series,  p.  301 ;  and  PhiL  Mag.  and  Ann.  of  PhiL  N.  S.  vol.  viii. 
Aug.  1830. 
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shells*.  These  indisputable  data  were  in  fact  the  groundwork  of  the 
opinion  afterwards  applied  to  the  Austrian  Alps  in  natural  sections, 
amidst  some  of  the  interior  valleys,  as  well  as  upon  their  northern 
flank.  Again,  it  was  impossible  to  consider  the  shelly  deposits  of 
the  Vicentine  in  any  other  light  than  older  tertiary  deposits,  as  laid 
down  by  Brongniart;  and  if  they  were  of  that  age,  they  must,  we 
argued,  have  equiyalents  in  other  parts  of  the  Alps.  In  relation, 
eren,  to  the  deposits  of  Qosb.u,  we  then  recognized,  that  their  lower 
shelly  beds  were  cretaceous  by  their  fossils ;  but  influenced  both  by 
the  presence  of  an  overwhelming  quantity  of  associated  gasteropoda, 
which  usually  abound  in  tertiary  deposits  (said  to  be  of  that  age  by 
ooiicholoe;ists),  and  also  by  the  fades  of  the  soft  and  incoherent  de- 
pouts,  which  were  so  stnkingly  contrasted  with  the  subcrystalline 
aeoondary  rocks  on  which  they  reposed,  we  concluded  that  the  upper 
shelly  portion  of  the  group  also  represented  a  transition  from  cre- 
taceous to  supracretaceous  rocks,  analogous  to  that  seen  on  the 
flank  of  the  Venetian  Alps.  My  last  visit  to  Oosau  in  1847t  ^^ 
convinced  me  that  my  former  view  must  be  abandoned.  I  now  beheve 
that  the  marly  and  earthy  fossiliferous  beds  of  that  valley  are  the 
equivalents  of  the  gault,  upper  greensand  and  lower  chalk  X-  But  if  the 
shelly  portion  of  the  Gosau  deposits  proved  to  be  cretaceous,  the 
sections  of  Bassano  and  Asolo  remained,  as  well  as  those  of  Unters- 
bergand  Kressenbei^  to  establish  the  existence  of  other  and  superior 
strata.  And  even  when  I  say,  that  the  Gosau  deposits  are  essentially 
cretaceous  by  their  fossils,  I  must  guard  against  the  inference  that 
the  overlying  sandstones  and  schists  of  th^t  valley  are  also  of  that 
age.  The  principal  change  of  classification  I  have  to  make,  is  in  respect 
to  the  comparison  formerly  suggested  (though  then  not  without  con- 
siderable doubt),  that  the  great  band  of  green  sandstones,  impure  lime- 
stones, and  calcareous  shale,  &c.  which  occupy  the  external  zone  of  the 
north-eastern  Alps  under  the  name  of  "  Flysch  "  or  Vienna  sandstone, 
-was  the  representative  of  the  greensand  and  chalk  of  £ngland  and 
France.  It  is  needless  now  to  explain  all  the  reasons  for  having  em- 
braced an  opinion,  which  my  colleague  and  self  shared  in  common 
with  other  geologists  of  that  day.  In  the  absence  of  fossils,  we  could 
not»  indeed,  avoid  being  somewhat  guided  by  mineral  characters,  par- 
ticularly in  the  Eastern  Alps,  where  the  whole  of  this  green  sand- 
stone zone  abruptly  succeeds  to  masses  of  what  was  then  termed  the 
**  Alpine  Limestone,"  the  higher  portion  of  which  was  considered  by 
our  precursors  to  represent  the  Upper  Jura. 

Once  impressed  with  the  conviction  that  the  great  greensand  group 
succeeding  to  the  supposed  Jurassic  rocks  was  cretaceous,  and  finding 
nnmmuUtes  associated  with  it,  we  naturally  concluded  that  these 

*  See  Phil.  Mag.  tnd  Annals,  with  coloured  sections,  June  1829,  and  Proceed. 
GtoL  See.  Lond.  voL  i.  p.  137. 

t  On  this  occasion  I  was  accompanied  by  M.  de  Vemeuil. 

X  M.  Bou^  argued  that  the  fossil  beds  of  Gosau  were  of  the  age  of  the  lower 
greensand,  whilst  my  colleague  and  self  considered  that  these  beds  were  both 
cretaceous  and  lower  tertiary.  M.  Bou^,  as  well  as  myself,  now  considers  the 
nnmmulitic  and  flysch  rocks  as  supracretaceous. 

N? 
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fossils  were  connected  with  both  the  older  tertiary  and  the  younger 
secondary  deposits;  an  opinion  from  which  I  entirely  recede.  I 
am  now  persoaded  that  no  form  of  the  genus  Nummulina  (I^Orb.) 
occurs  in  the  Alps  in  beds  below  the  surface  of  the  chalk,  or  its 
eouiyalent.  Geologists  must  recollect,  however,  that  at  the  period 
when  we  wrote,  the  derelopment  of  the  lower  portion  of  the  cretaceous 
system  in  Southern  Europe  had  not  even  been  commenced.  The 
Neocomian  formation  was  unknown,  and  no  one  dreamt  that  the  thick 
outer  coat  of  the  subcrystalline  alpine  limestone,  then  considered  to  be 
of  the  age  of  the  upper  oolite^  would  prove  to  be  the  equivalent  of  the 
slightly  coherent  beds  of  sand  and  shale  known  as  English  *'  Lower 
GreenaandV*  The  few  secondary  fossils  we  could  then  detect,  in  any 
rocks  above  strata  containing  liassic  and  Jurassic  species,  were  typical 
of  the  cretaceous  epoch,  and  thus,  putting  aside  dislocations,  we  sop* 
posed  that  the  anomalous  group  railed  "  flysch,"  containing  so  mudi 
greensand,  and  which  as  a  whole  was  interpolated  between  the  sup- 
posed Jurassic  rocks  and  the  known  tertiary  deposits,  might  be  o^  the 
same  age  as  other  sandy  marls  and  calcareous  bands,  oft&D.  also 
charged  with  green-earth,  in  which  we  found  cretaceous  fossils. 
Portions  of  the  deposits  of  Grosau,  as  well  as  those  on  the  northern 
flank  of  the  Untersberg,  had  also  to  a  great  extent  the  characters  of 
''flysch,"  and  hence  we  supposed  that  such  patches  as  contained 
cretaceous  fossils  were  simply  "  oases  "  in  a  great  secondary  greoisand 
succession. 

I  have  now  satisfied  myself,  that  the  great  mass  of  the  so-called 
flysch  is  the  superior  portion  of  the  nummulitic  "  Terrain,*'  and  that 
the  lowest  beds  with  nummulites  are  completely  above  aU  those  rocks 
which  are  the  equivalents  of  the  white  chalk  of  northern  Europe.  In 
demonstrating  this  by  absolute  sections,  I  will  further  show,  that 
between  the  representative  of  the  chalk  and  the  lowest  nummulite 
limestone,  there  are  beds,  sometimes  of  considerable  dimensions,  which, 
whether  marls,  green  sandstones,  or  impure  limestone,  exhilnt  that 
true  transition  I  formerly  insisted  on  as  occurring  between  the  secon- 
daiT  and  tertiaij  rocks  of  the  Alps. 

The  application  of  this  classification  to  the  Alps,  Apennines  and 
Carpathians,  in  all  of  which  similar  nummulitic  limestones  and  sand- 
stones occur,  is  loudly  called  for,  seeing  the  discordant  opinions 
which  prevail  respecting  such  deposits.  In  the  valuable  general 
map  of  Yon  Dechen,  for  example,  the  zone  which  is  occupied  by  the 
flysch  in  the  Eastern  Alps  is  placed  as  the  equivalent  of  the  lower 
cretaceous  rocks,  without  any  representative  of  the  chalk ;  and  in  de- 
fining the  secondary  boundary  through  Switzerland,  the  cretaceous 
system  is  omitted,  the  molasse  being  represented  as  in  contact  with 
the  Jurassic  rocks.  Yet  this  is  the  very  region  in  which  a  most 
copious  development  of  the  whole  cretaceous  system  occurs,  overlaid 
by  vast  thicknesses  of  nummulite  limestone  and  flysch.  In  the  same 
map  the  deposits  of  the  Vicentine  are  classed  as  lower  tertiary,  whilst 
they  are,  in  truth,  a  peculiarly  shelly  portion  only,  of  the  same  vast 
senes  of  the  supracretaceous  rocks  which  embraces  the  nummulite 
limestone  and  flysch. 


Digitized  by  VjOOQIC 


1848.]      miRCHisoN  on  the  araxjCTuas  or  ths  alps.  161 

In  Austria  a  new  mi^  of  that  empire  has  been  published,  in  which 
the  flysch  of  the  very  xone  in  question,  or  a  lane  portion  of  it,  is 
represented  as  Keuper.  On  the  Italian  face  of  me  Alps  and  in  the 
Apennines,  some  deposits,  that  I  believe  to  be  the  same,  are  coloured 
as  cretaceous,  snd  are  grouped  (in  the  new  mi^  of  Collegno)  with  all 
the  deposits  down  to  the  lower  greensand  or  NeocomianindusiYe.  This 
has  been,  mdeed,  the  sprstematic  view  of  most  of  the  continental  geolo- 
m^.  It  has  been  chiefly  adopted  in  pursuance  of  the  opinions  of  M. 
Elie  de  Beaumont  and  M.  Dufrenoy,  wno  have  coloured  their  admirable 
map  of  France  on  this  principle.  The  conclusion  of  these  authors  is 
based  upon  the  fact,  that  the  nummulitic  group,  including  the  flysch  of 
the  Alps,  has  undergone  all  the  movements  which  have  affected  the 
aobjacent  cretaceous  rocks.  Fully  admitting  that  such  are  the  phy- 
aiciil  relations,  I  nevertheless  contend,  that  we  cannot  establish  a  com- 
Mrative  geological  chronology  between  the  strata  of  the  north  of 
JSun^  and  those  of  the  south,  if  aAer  the  evidences  about  to  be 
submitted,  we  do  not  admit,  diat  the  group  in  question  is  truly  lower 
tertiaiT,  inasmuch  as  it  lies  above  aU  rocks  containing  cretaceous  or 
secondiary  fossils,  is  charged  with  an  eocene  fauna,  and  is  succeeded  in 
ascending  order  by  formations  filled  with  younger  tertiary  shells. 

In  the  first  portion  of  this  memoir  I  give  a  eeneral  description,  in 
ascending  order,  of  the  sedimentary  rocks  which  constitute  the  whole 
chain  of  the  Alps.  After  describing  in  succession  the  palseoxoic  and 
secondary  formations,  I  point  out  the  leading  changes  they  have 
undergone  in  their  range  trom  the  eastern  to  the  western  portion  of 
the  chain.  The  relations  of  the  cretaceous  and  nummulitic  rocks  will 
then  be  discussed  at  greater  length,  followed  by  some  data  on  the 
age  and  relations  of  the  vounger  tertiary  deposits  of  Switzerland ;  and 
this  part  will  be  concluded  by  descriptions  of  some  of  the  principal 
fractures,  inversions  and  contortions  which  these  sedimentary  strata 
have  undergone. 

A  short  sketch  will  give  my  present  views  of  the  succession  on  the 
north  flank  of  the  Carpathians,  and  explain  the  anomalies  of  the  so- 
called  Carpathian  sandstone. 

The  third  part,  referring  chiefly  to  Italy  and  the  Apennines,  will  be 
terminated  by  a  review  of  the  organic  remains  and  the  order  of  the 
strata  which  establish  the  true  age  of  the  nummulitic  group,  not  only 
in  the  south  of  Europe,  but  also  in  Egypt,  Asia,  and  those  vast  regions 
of  the  globe  over  which  it  extends.  A  general  retunU  concludes  the 
memoir. 

Part  I. 

General  Structure  of  the  Alps. 

It  is  now  eighteen  years  since  Prof.  Sedffwick  and  myself  pointed 
out  that  the  chain  of  the  Eastern  Alps,  when  considered  only  in  a 
general  point  of  view,  was  of  simple  structure,  in  exhibiting  a  sym- 
metrical succession  of  deposits  from  a  crystalline  centre  through  trans- 
ition rocks  now  termed  "palaeozoic,"  flanked  by  grand  secondary 
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soues  chiefly  calcareous,  which  were  externally  enyironed  by  masses 
representing  certain  members  of  the  tertiary  aeposits*.  We  stated, 
howeyer,  that  when  the  geologist  grappled  with  the  detailed  features 
of  this  chain,  this  apparent  simphcity  usually  yanished,  chiefly  owing 
to  the  great  moyements  of  eleyation  and  dislocation  which  it  had  un- 
dergone, and  which  frequently  caused  the  younger  formations  to  dip, 
or  appear  to  dip,  under  those  of  more  ancient  date.  But  notwith- 
standing these  difficulties,  we  then  separated  these  Alpine  rocks  into 
a  series  of  natural  groups,  admitting  of  at  least  a  general  comparison 
with  the  principal  geological  groups  of  England  and  other  countries. 
Now,  nearly  all  the  general  classification,  as  giyen  in  our  Map,  is  still 
correct,  ancl  may  stand  at  the  present  day.  The  examples,  however, 
selected  as  proofs  of  the  cretaceous  and  supracretaceous  relations  are 
inaccurate  m  the  north-eastern  Alps ;  and  hence,  though  the  legend 
or  order  of  colours  is  on  the  whole  ri^ht,  its  apphcation  to  parts  of 
the  map  must  be  changed,  together  with  some  essential  portions  of 
our  reasoning. 

Crystalline  and  PaltBozoic  Rocks  of  the  Central  Axis. — It  was  in 
this  great  group  (to  which  the  term  palaeozoic  has  since  been  appUed) 
that  we  noted  the  presence  of  abundance  of  Encrinites  in  the  talcose 
and  chloritic  limestones  of  the  Tauem  Alp.  We  also  speciaUy  ad- 
verted to  the  presence  of  species  of  British  carboniferous  Ftoducti  in 
the  old  rocks  near  Bleiberg  in  Carinthia  f.  In  short,  we  showed  the 
existence  of  those  fossils  in  strata  which  on  the  one  hand  were  con- 
nected vrith  masses  in  a  crystalline  state,  and  on  the  other  with 
youneer  fossiliferous  formations.  The  glimpse  which  we  then  ob- 
tained of  this  phsenomenon  has  been  matured  into  certain  induction 
by  additional  recent  discoveries  in  respect  to  other  and  older  paleoioic 
strata^.  Fossils  have  been  recently  discovered  by  M.  Erlach  at 
Dienten  near  Werfen  in  a  portion  of  these  transition  rocks,  which 
M.  V.  Hauer  has  noticed.  On  these  fossils  being  shown  by  that 
gentleman  to  M.  de  Yemeuil  and  myself  when  we  visited  Vienna  in 
the  summer  of  1847,  we  identified  one  of  the  forms  with  the  Ortko- 
ceras  gr^garium  and  another  with  Cardiola  interrupta,  both  well- 
known  British  Upper  Silurian  fossils,  associated  with  the  Cardium 
gracile  (Munster),  a  shell  which  occurs  at  Feugerolles  in  the  Silurian 
rocks  of  Normandy. 

The  hmestones  of  the  environs  of  Gratz,  near  the  eastern  extremity 
of  the  chain,  contain  fossils  of  Silurian  or  Devonian  age ;  perhaps  of 
both  formations.  Having  inspected,  in  company  with  M.  de  Vei^ 
neuil,  a  portion  of  this  ground  immediately  adjacent  to  the  dty  of 
Gratz,  particularly  as  seen  in  the  adjacent  hill  of  rlautsch,  it  appeared 
to  us  that  the  mountain,  having  a  chloritic  sandy  limestone  for  its 
base,  passing  upwards  through  sandstone  and  grits  and  limestones 
of  dark  grey  and  reddish  colours,  vrith  separating  courses  of  cblo- 

*  Trans.  Geol.  Soc.  Lond.  toI.  iii.  New  Series,  p.  301,  tnd  Phil.  Mag.  and  Annib 
of  Phil.  vol.  viii.  Aug.  1830. 

t  See  Phil.  Mag.  and  Annals  of  Phil.  vol.  viu.  Aug.  1830. 

X  The  exact  position  of  which  is  indicated  in  the  new  geological  map  of  M.  A. 
Morlot,  entitled  *  Geologische  Uebersichtskarte  der  Oesterreichischen  Alpen.* 
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ritic  schist,  is  capped  on  the  summit  by  dark  grey,  white-veined, 
ibssiUferous  limestone,  on  the  surfaces  of  which  many  corals  weather 
out.  These  corals  are,  Crorgonia  infuHdibuliformUy  Stromatopora 
ecneentrica,  Cyathophyllum  explanatum,  C,  turbinatum,  C.  hexch 
gamum,  C,  caspitosum,  AMtnsa  poroea  (Groldf.),  Heliopora  inter- 
stineta  (Bronn),  Favosites  polymorpha  (yar.  ramosa  of  the  Dcto- 
nian  rocks),  F.  spangitesl  &c.  As  most  of  these  jpolypifers  range 
from  the  Upper  Silurian  into  the  Devonian,  it  might  be  difficult  to 
dass  the  limestones  of  Plautsch  by  reference  to  them  only.  The 
rock  also  contains,  however,  Pecten  grandtevus  (Goldf.),  Cyatho' 
ermites  pinnatua  (Goldf.),  Inoeeramiu  inversus  (Munster),  OrtJuh 
ceroM  regularis,  and  Ganiatites.  We  also  detected  a  very  striking 
large  bivalve,  which  is  not  only  seen  in  the  slabs  of  the  pavement 
of  Gfiitif  but  which  we  also  found  on  the  summit  of  the  Plautsch, 
and  which  we  had  at  first  sight  believed  to  be  a  Strigocephalus. 
A  better  specimen,  however,  led  us  to  think  it  might  prove  to  be 
a  Pentamerus  not  remote  from  the  P.  Knightii,  Until,  therefore, 
more  clear  specific  forms  be  found  and  examined,  it  is  not  possible 
at  once  to  say  whether  the  paleeozoic  limestone  of  Gratz  be  Lower 
Devonian  or  Upper  Silurian.  In  extending  researches  from  that  im- 
mediate district  to  the  surrounding  country,  in  which  M.  Bosthom 
has,  I  am  told,  already  made  discoveries  which  will  soon  be  com- 
municated to  the  public,  Silurian  fossils  Uke  those  of  the  tract  south 
of  Werfen  may  also  be  detected ;  and  as  the  presence  of  carbonife- 
rous Producti  has  long  been  known  near  Bleiberg  in  the  Carinthian 
Alps*,  we  shall  then  have  the  exhibition  at  intervals  alone  both 
sides  of  the  chief  watershed  of  the  Eastern  Alps  of  sufficient  reliquiae 
of  the  palaeozoic  deposits  to  convince  us  of  the  former  existence  of 
eonsiderable  masses  of  sediment  of  that  age.  In  the  meantime,  we 
have  ample  data  to  affirm,  that  large  portions  of  the  tract,  coloured 
purple  to  indicate  transition  rocks  on  the  map  of  my  coadjutor  and 
self,  are  occupied  by  rocks  of  true  palaeozoic  age,  which  in  many  parts 
have  passed  into  a  crystalline  state. 

When,  however,  the  geologist  follows  these  palaeozoic  rocks  upon 
their  strike  to  the  W.S.W.,  he  perceives  that  the  action  of  metamor- 
phism  has  been  much  more  developed  in  them.  Already  to  the  west 
of  the  Gastein  Alps  and  the  Grosse  Glockner,  the  masses  lying 
between  the  granitic  or  gneissose  centre  and  the  flanking  walls  of 
secondary  limestone  are  lound  to  be  chlorite,  talc  and  mica  schists, 
in  none  of  which  have  any  traces  of  fossils  been  vet  detected.  In 
travelling  in  1847  through  portions  of  the  mineral  axis  both  to  the 
east  and  west  of  the  merioian  of  Innspnick,  in  company  with  M. 
Leopold  von  Buch  and  M.  £.  de  Vememl,  I  was  forcibly  struck  with 
their  great  change  in  mineral  succession,  as  compared  with  the  more 
eastern  range  of  the  same  masses;  for  chlorite  and  mica  schists, 
assuming  in  parts  almost  the  characters  of  gneiss,  range  up  to  the 
secondary  limestones  with  scarcely  any  place  for  interm^iate  strata. 

*  A  collection  of  the  Bleiberg  fossils  having  been  shown  to  M.  de  Vemeuil  and 
nyself  at  Vienna  in  1847,  we  recognized  therein  not  less  than  eight  or  ten  species 
as  belonging  to  the  true  carboniferous  system  of  the  palscozoic  deposits. 
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These  crystalline  schists  in  the  gorge  of  the  Funster-Munster  Pass  are 
seen  to  he  permeated  hy  thin  courses  of  hriliiantly  white  dolomite '^y 
seeming  to  mdicate,  that  in  the  great  metamorphism  to  which  these 
rocks  had  heen  subjected,  thin  courses  and  Teins  of  limestone  which 
were  subordinate  to  them,  had  been  transformed  into  a  network  of 
dolomite. 

In  following  the  watershed  of  the  Alps  from  Austria  into  Switser- 
land  and  thenoe  into  the  Saroj  Alps,  it  becomes  apparent  that  the 
sone  of  metamorphism  widens.  Not  only  is  the  place  of  those  rocks, 
which  in  their  eastern  prolon^tion  are  palseozoic,  taken  by  crystalline 
masses,  but  the  metamorphism  f  has  so  extended,  if  I  mnj  thus 
speak,  laterally  from  centre  to  flanks,  as  to  affect  in  numberless  in- 
stances the  middle  and  eyen  the  younger  secondary  deposits,  and  in 
one  or  more  tracts,  as  will  be  hereafter  shown,  has  eyen  conyerted 
into  a  crystalline  state  the  strata  called  flysch,  which  I  now  consider 
to  be  of  tertiary  age. 

No  yestige  of  any  fossil  palseosoic  animal  has  yet  been  brougfat  to 
light  in  the  Western  Alps, — a  fact,  indeed,  which  accords  with  the 
phsenomenon  on  which  1  am  insisting,  yiz.  that  on  the  west  the  Ahps 
naye  undergone  a  more  intense  d^ree  of  metamorphism  than  on  the 
east.  I  shall  have  occasion  to  return  to  the  consideration  of  this 
subject  in  speaking  of  those  rocks  of  Sayoy  which  contain  belemnites 
and  coal-plants. 

In  thus  briefly  touching  upon  the  paleozoic  rocks,  in  order  to 
show  that  they  liaye  a  distinct  and  indisputable  existence  only  in  the 
Eastern  Alps,  I  ought  to  add  that  even  there  no  traces  have  yet  been 
disooyered  of  the  uppermost  portion  of  such  palseozmc  series.  The 
Permian  system,  so  copiously  developed  in  Northern  Europe  and 
especially  in  Russia,  seems,  in  fact,  never  to  have  been  deposited  in 
Southern  Europe. 

The  Trias. — The  group,  which  crops  out  at  various  points  from 
beneath  the  great  mass  of  secondary  limestones  of  the  Eastern  Alps, 
and  is  interposed  between  them  and  the  palaeozoic  rocks  above-men- 
tioned, was  correctly  placed  by  Professor  Sedgwick  and  myself  in  the 
parallel  of  '*  Keuper,  Muschelkalk  and  Bunter  Sandstein  ^.     For  this, 

*  These  veins,  though  so  white  on  firacture,  weather  yellow  under  the  atmo- 
sphere and  the  action  of  water. 

t  I  have  no  intention  of  going  into  any  details  respecting  the  extension  of  me- 
tamorphism from  centre  to  flank  in  the  Swiss  and  Savoy  Alps.  I  had  the  great 
advantage  of  making  an  excursion  last  summer  with  M.  Studer,  who  pointed  out 
to  M.  P.  Merian,  M.  Favre,  and  myself,  the  lateral  extension  of  this  phsenome- 
non  in  the  roountaias  which  encase  the  glacier  of  Grindelwald.  They  have  been 
called  **  coins  "  or  centers  of  gneiss,  that  wedge  into  and  invade  the  jurassie  lime» 
stone  which  they  overlap  at  great  altitudes.  The  appearances  conveyed  no  idea 
of  wedges  of  any  pre-^xUting  crystalline  rock  of  higher  antiquity  than  the  lime- 
stone, having  been  forced  into  the  latter ;  but  on  the  contrary  were  plain  proofs 
to  my  mind,  that  an  action  of  metamorphism  ramifying  laterally  had  invaded  and 
altered  the  Jurassic  strata  m  ritu, — See  M.  Stnder's  conmiunication,  Bull.  G^L 
Fr.  voL  iv.  p.  209. 

X  See  the  foreign  synonyms  of  the  legend  attached  to  our  Map.  M.  Moriot  is 
in  error  in  attaching' to  this  red  tone  the  name  of  "  Rothlicgendes  ?"— for  that 
rock,  which  is  a  part  of  the  Permian  system,  does  not,  as  already  stated,  exist  in 
the  Alps. 
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however,  we  had  no  other  grounds  than  that  the  mass  was  inferior  to 
lias,  and  that  besides  salt  and  gypsum,  it  also  contained  a  bivalve  re- 
sembling forms  known  to  us  in  strata  of  that  age.  Recently,  how- 
ever, this  point  has  been  satisfactorily  established  in  respect  to  the 
Alps  of  the  Tyrol,  and  I  will  here  oner  a  few  evidences  of  the  age 
of  the  formation  which  fell  under  my  notice  in  the  autumn  of  1847» 
when  I  accompanied  MM.  von  Buch  and  de  Veraeuil  to  St.  Cassian 
and  the  adjacent  tracts,  and  also  when  we  explored  the  same  series 
around  Becoaro,  north  of  Vicenza. 

The  trias  of  die  South  Tyrol  with  which  I  am  acquainted,  consists 
of  a  group  of  sandstones,  marls  and  limestones,  the  latter  rarely  in  the 
state  of  dolomite,  which  ranges  from  E.N.E.  to  W.S.W.,  between  the 
transition  and  crystalline  rocks  of  the  central  axis  (Brunecken,  Brixen, 
&c.)  on  the  north,  and  the  great  masses  of  alpine  lunestone  (liassic  and 
Jurassic),  which  to  the  south,  for  the  most  part  in  the  state  of  dolo- 
mite, ranee  from  the  Ampezzo  Pass  to  Botzen.  This  trias  is  pecu- 
liariy  well  exhibited  in  the  Grodner  valley  to  the  east  of  the  nreat 
road  between  Botzen  and  Klausen.  The  portion  of  this  tract  which 
lies  around  the  little  mountain  village  of  St.  Cassian'*',  at  the  hmit  of 
the  German  and  Italian  Tyrol,  is  that  which  has  afforded  the  great 
variety  of  fossils  first  made  known  to  naturalists  by  Count  Munster, 
and  since  described  by  M.  Klipstein.  A  great  number  of  these 
forms  being  of  new  and  unknown  species,  considerable  doubt  hung 
over  the  precise  age  of  the  deposit.  This  obscurity  has  been  prin- 
cipally cleared  away  by  an  excellent  short  memoir  of  M.  Emmerich, 
who,  working  out  the  details  of  a  district  rendered  classical  twenty- 
five  years  ago  by  the  researches  of  Leopold  von  Buch,  has  clearly 
exposed  the  order  of  the  strata,  thus  leaving  little  or  no  doubt,  that 
the  chief  and  peculiar  group  of  fossils  of  those  Alps  belongs  to  the 
trias.  Still  the  subject  required  confirmation,  and  M.  von  Buch  being 
as  desirous  as  mjseuof  re-examining  the  tract,  I  had  the  good  fortune 
to  accompany  him  and  M.  de  Verneuil  thither.  Ascending  from  the 
Eisach  Thai  at  Atzwang,  we  passed  under  the  grand  dolomitic  peaks 
of  the  Schlems  mountain,  by  Seiss  and  its  bosses  of  melaphyre,  toCastel 
Ruth.  The  plateau  which  there  constitutes  the  base  of  tdl  the  overlying 
masses  of  limestones  and  marls,  is  a  spotted  red  and  green  or  true 
hunter  sandstein,  a  very  good  building-stone,  with  strong  courses  of 
subordinate  white  sandstone.  At  St.  Michael  we  examined  the  col- 
lection of  fossils  made  by  M.  Clara,  the  venerable  clergyman  of  that 
hamlet,  in  the  strata  which  form  slopes  beneath  the  lofty  escarpments 
of  Paflatsch  Berg,  a  promontory  of  the  Seisser-Alp,  to  the  soutn  of  his 
residence.  Among  these  fossils  we  at  once  recognised  the  well-known 
Trigonellites  pe9-an9eris  of  the  muschelkalk  (Myaphora  or  Trigonia) 
with  many  fragments  of  the  stems  of  the  lily  encrinite,  together  with 
certain  forms  of  Avicula  and  Posidoniaf,  and  we  were  therefore  at 

*  St.  Casam  is  upwards  of  5000  English  feet  above  the  sea  and  near  the  head  of 
the  transverse  Talley,  whose  waters  flowing  from  south  to  north  fall  into  the  Rienz 
wett  of  Brunecken. 

t  The  most  reroarkahle  of  the  Posidoniac  has  heen  named  by  M.  Emmerich 
P.  Clmr€ft  after  the  venerable  pastor,  who  had  discovered  the  TrigtmelUies  pet' 
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once  convinced  that  they  had  been  deriyed  from  a  band  o£  true  mu- 
Bchelkalk.  As  the  fossus  were  procured  from  the  band  of  limestone 
and  shale  which  surmounts  the  red  sandstone  of  the  plateau  upon 
which  we  stood,  we  had  therefore  already  before  us  two  members  of 
the  trias.  In  these  yalleys  the  muschelkalk  is,  however,  not  only 
based  on  red  sandstone,  but  is  associated  with,  and  surmounted  by  red 
marls  representing  the  Keuper,  as  seen  in  the  face  of  the  Mittafi;'8 
Kogel  and  along  various  parts  of  the  Schlems  and  the  Seisser-Alp, 
and  near  St.  Ulrich  in  the  Grodner-thal,  where  the  whole  of  the  trias 
is  further  overlaid  by  other  limestones  chiefly  Jurassic. 

In  proceeding  from  the  Grodner-thal  to  dolfosco,  by  St.  Christina 
through  the  pass  of  S^  Maria,  the  geologist  cannot  avoid  being 
struck  with  the  erand  pyramidal  and  towering  peaks  of  fantastic 
shape  which  the  £>lomite  there  assumes  in  the  I^g-K(^el  and  oth^ 
mountains*.  The  great  vertical  fissures  and  joints  which  traverse 
that  rock  must  not,  however,  be  confounded  with  the  lines  of  true 
bedding,  which  are  often  more  or  less  horizontal  and  undulating  only, 
and  which,  though  with  difficulty  observed  by  an  unpractisea  geo- 
logical eye,  were  visibly  delineated  before  us  by  wreaths  of  snow 
■ '  ■    ell  '    * 


which  fell  during  an  autumnal  storm  on  the  peaks  and  escarpments 
around  St.  Cassian.  The  pass  of  Colfosco,  which  shows  clear 
sections  of  muschelkalk  on  the  west,  is  further  remarkable  in  af- 
fording fine  examples  of  buttresses  of  black  porphyry  (melaphyre), 
which  in  one  situation,  west  of  Colfosco,  is  observable  in  absolute 
contact  with  highly  dislocated,  amorphous,  pure  white  dolomite.  I 
presume  that  some  of  this  dolomite  is  of  the  age  of  the  muschelkalk, 
because  it  is  associated  with  certain  beds  of  triassic  grit  called  by  M. 
Emmerich  ''Halobian  sandstein."  In  descending  the  vaUey  from 
St.  Cassian  by  Stem  and  the  Abtey-thal  or  to  the  northf,  the  trias 

antfrit  since  M.  Emmerich's  visit.  The  Amnumiten  Johamus  Au$trict  (Von  Hauer) 
from  the  lower  limestones  of  Halstadt  has  also  proved  to  be  one  of  the  fossils  of  this 
deposit  in  the  Tyrol. 

*  The  peaks  on  the  south  side  of  this  pass  are  termed  Pissada  Spitz,  Masons 
Spitz,  &c 

t  In  his  work  entitled  '  Uebersicht  iiber  die  geognostischen  Verhaltnisse  Stid- 
tyrols,  1846/  Dr.  H.  Emmerich  distinguishes  the  following  Neptunian  deposits 
in  ascending  order  in  this  region : — 1.  Red  sandstone.  2.  Posidonia  limestone, 
which  he  considers  the  same  stratum  that  contains  the  Trigcnia  vufyariit  Tert- 
brattiia  trigonellat  OerviiHa  ioeialu  and  Enerimtei  Hti/brmii  at  Recoaro,  and 
is  the  true  muschelkalk.  3.  Homstein-fiihrender  kalk,  a  small  and  local  deposit 
observed  by  M.  Fuchs.  4.  Halobian  strata  (black  sandstone  and  calcareous 
schist).  This  rock  (which  has  been  termed  grauwacke)  is  the  lias  of  Klipstein, 
the  Wengen  deposit  of  Wissman,  and  the  dolerite  sandstone  of  Fuchs.  5. 
St.  Cassian  beds  usually  united  with  the  Halobian  sandstone.  6.  Upper  lime- 
atone  with  corals  and  brachiopods,  in  which,  according  to  M.  Fuchs,  the  fossils 
of  St.  Cassian  occur  at  Sotto  di  Sasso,  about  8000  English  feet  above  the  sea. 
Above  all  these  come  the  Jurassic  dolomites.  As  to  the  HaUtdian  urndstonef  so 
called  from  the  occurrence  of  the  genus  Halobia,  it  appeared  to  me  to  be  a  rock 
formed  either  during  submarine  volcanic  action  or  out  of  the  detritus  of  a  plutonic 
mass.  It  is  evidenUy  a  local  deposit,  of  which  there  are  no  traces  near  Recoaro 
and  Schio,  where  it  is  doubtless  represented  by  other  sandstones.  The  inter- 
mixture of  fos^  under  the  head  of  *'  St.  Cassian  "  is  accounted  for  by  the  fiict, 
that  they  are  collected  in  the  rivulets  which  descend  through  Jurassic  as  well  as 
triassic  deposits. 
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1 18  first  clearly  exposed  with  the  dark  grey  or  blackish  "  Halo- 
bian^'  sandstone,  rising  out  from  beneath  the  dolomidc  rocks  of  the 
Heilige-Kreutz,  and  then  is  exhibited  in  several  flexures  along  the 
sides  of  the  gorge  which  leads  to  St.  Martin.  In  this  gorge,  particu- 
larly near  P^eroTa,  vertical  walls  of  muschelkalk  throw  off  red  marls 
occasionally  gypseous,  and  pebbly  conglomerates  with  many  curvatures 
and  flexures ;  the  red  ground  being  usually  interlaced  and  associated 
with  limestones.  Lastly,  the  system  is  flanked  to  the  north  of  St. 
Martin  by  crystalline  schists  (here  very  micaceous)  which  occupy  the 
place  of  the  transition  and  metamorpluc  rocks  of  the  Central  Jjrol* 
and  range  to  the  left  bank  of  the  river  Rienz ;  for,  on  the  right  bank 
of  this  stream  near  Sonnenburg  is  seen  the  western  end  of  one  of  the 
finest  of  Leopold  von  Buch's  so-called  ellipsoids  of  granite,  the  eastern 
extremity  or  which  constitutes  the  striking  Iffieer  Spitz  near  Meran. 
The  protrusion  and  juxta{>08ition  of  this  grana  mass  of  eranite  ac- 
counts, indeed,  for  the  highly  crystalline  condition  of  the  schists 
between  it  and  the  trias. 

Trias  ofRecoaro  and  the  adjacent  tracts, — Between  the  zone  of 
trias  which  occupies  the  valleys  of  Grodner,  St.  Cassian,  &c.,  and 
the  southern  edge  of  the  Tyrofese  Alps,  there  are  other  eUipsoids  of 
crystalline  rock,  which  in  their  elevation  have  exposed  considerable 
thicknesses  of  sedimentary  deposits  aroimd  them.  The  chief  of  these 
is  the  Cima  d'Asti  with  its  central  granite  and  its  accompanying 
crystalline  formations  in  the  Yal  Sugana,  which  I  traversed  rapidly 
on  a  former  occasion.  Further  to  the  S.S.W.  are  other  elliptical 
masses,  as  seen  in  the  vaUeys  of  Leogre,  Posina  and  Recoaro,  which 
exhibit  fundamental  rocks  of  mica  schist  covered  by  an  ascending 
series,  in  which  the  trias  is  the  prominent  formation.  By  the  valley 
of  Recoaro,  I  do  not  simply  mean  the  gorge  in  which  the  batlis 
and  village  of  that  name  are  situated,  but  also  aU  the  undulating 
district  embracing  Roveeliano  and  Communda,  as  well  as  both  sides 
of  the  "  Valle  de  Signori,  on  which  the  road  from  Schio  and  Rovereto 
proceeds  by  the  pass  of  Cometo*.  He  who  has  but  Httle  time  at  his 
disposal  may  rest  satisfied  with  the  very  clear  exposition  of  the  triassic 
strata  which  are  exposed  on  the  side  of  the  Spitz  moimtain,  imme- 
diately south  of  the  village  of  Recoaro ;  where  ascending  from  a  base 
of  mica  or  stea-schist  traversed  by  trap  dvkes,  some  of  which  run 
almost  horizontally  with  the  strata,  the  observer  will  recognize  the 
following  ascending  order,  as  exposed  in  the  annexed  woodcut  (fig.  1). 

Some  doubt  may  exist  as  to  tne  age  of  the  bottom  stratum  (2)  rest- 
ing on  the  mica  schist  (1).  It  is  a  red  and  white  spotted,  micaceous 
sandstone  with  patches  of  coaly  matter  and  carbonized  vegetables,  and 
some  geologists  may  be  disposed  to  consider  it  carboniferous.     But  it 

*  Having  walked  over  this  district  by  the  mountain  tract  from  the  Cometo 
Past  to  Recoaro,  I  afterwards  revisited  it,  as  well  as  the  adjacent  districts  of  the 
Venetian  Alps,  in  company  with  the  chief  members  of  the  Geological  Section  of  the 
Venetian  meeting  of  the  *'  Scienziati  Italiani/'  including  not  only  my  previous  com- 

Enions  Von  Bach  and  De  VemeuiU  but  also  the  Marchese  Pareto,  M.  de  Zigno, 
ajor  Charters,  M.  Paroliui,  and  Mr.  Pentland.  M.  Trettenero  explained  the 
details  at  Recoaro,  and  M.  Pasini  became  our  leader  in  the  region  around  Schio 
and  in  the  Setti  Commnni,  of  which  hereafter. 
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contains  no  plants  on  whose  forms  reliance  could  be  placed,  and  it 
may  proTC  to  be  a  lower  portion  of  the  "  hunter  sandstem."  Indeed, 
the  whole  stratum  is  of  too  feeble  dimensions  (not  exceeding  40  to  50 
feet)  to  require  more  illustration.  It  graduates  upwards  through 
caloferous  sandstones  (4)  into  red  and  green  marls  (5),  which  un- 
questionably belong  to  the  trias,  as  proved  by  fossils  found  in  them. 
The  overlying  beds  of  trias  are  various  bands  of  limestone  (6,  7,  8), 
one  of  which  is  slightly  oolitic,  which  alternate  with  red  marly  and 
sandy  beds ;  and  whilst  certain  bivalves,  such  as  Myacites,  &c., 
occur  in  the  lower  flagstone  strata,  the  upper  masses  (9,  10)  have  af- 
forded the  ^eatest  number  of  good  and  peculiar  muschelkallc  fossils. 
It  was  in  this  band  that  Professor  Brunner,  jun.,  in  a  previous  year, 
detected  the  beautiful  Encrinite  since  named  E,  gracilis  by  V.  Buch. 
From  this  band  we  also  collected  many  fragments  of  the  M,  liliformis 
with  Terebratula  vulgaris,  &c.,  as  well  as  forms  common  to  the  lower 
strata  of  the  group.  Above  this  are  sandstones  (11)  and  Jurassic 
dolomitic  limestone  (12). 

In  the  deep  ravines  which  lie  to  the  north  and  west  of  Recoaro, 
cdmilar  successions  of  red  sandstone,  hmestone  and  marls  are  observed. 
Fossils  occur  most  abundantly  in  the  ridges  of  shelly  limestone  east 
of  Rovegliano  (Communda  Pass)  and  at  Civelina,  where  slabs  of 
flaggy  limestone  are  absolutely  covered  with  Trigonise  (Trigonellites), 
with  Terebratula  vulgaris,  Myacites,  and  other  characteristic  fossils 
of  the  muschelkalk ;  the  deep  denudation  frequently  exposing  the 
same  descending  order.  In  one  of  the  lower  fossil  beds  of  yellowish 
earthy  limestone  associated  with  reddish  layers,  our  clever  guide  de- 
tected the  Spiri/erjragilis*, 

With  these  very  clear  proofs  of  the  full  development  of  the  trias  in 
the  localities  already  citwl,  there  is  every  reason  to  believe,  that  the 
equivalents  of  the  system  (not,  however,  always  fossiliferous)  may  be 
traced  continuously  along  certain  zones  throughout  the  Eastern  Alps, 
and  particularly  where  r^  rocks  and  hmestone  rise  out  from  beneath 
the  great  masses  of  alpine  (has  and  Jura)  limestone,  and  repose  upon 

*  Tliis  guide,  Castellan,  is  recommended  to  geologists  as  an  expert  finder  of 
fossils. 


Digitized  by  VjOOQIC 


1848.]         MURCHISON  ON  THE  STRUCTURE  OF  THE  ALPS.  169 

the  transition  or  paleeozoic  rocks.  In  the  general  map  before  alluded 
to,  I  rongbly  sketched  such  a  zone  both  on  the  north  and  south 
flanks  of  the  transition  rocks,  and  its  presence  has  since  been  laid 
down  in  greater  detail  by  M.  Morlot  in  his  useful  general  map  of  the 
Austrian  Alps* ;  though  I  cannot  admit  his  suggestion  that  such  red 
rocks  can  be  eouivalents  of  the  Bothe-todte-liegende. 

The  red  sanastones  (occasionally  with  certain  yellowish  limestones 
and  also  with  salt  and  gypsum),  which  my  colleague  and  self  de- 
scribed in  precisely  the  same  geological  position  in  the  northern 
portion  of  these  Alps,  are,  I  have  no  doubt,  of  similar  age  to  those 
described  in  the  South  Tyrol  and  Venetian  Alps. 

The  researches  of  the  palaeontologist  in  the  associated  limestones 
have,  indeed,  to  a  great  extent  set  that  question  at  rest.  M.  von  Hauer, 
jnn.,  of  Vienna,  has  shown  that  some  of  the  fossils  in  the  Salzburg 
Alps  are  identical  with  those  which  occur  in  the  South  Tyrol  in  the 
enTurons  of  Castel  Ruth,  St.  Ulrich  and  St.  Cassian ;  thus  establishing 
the  existence  of  true  muschelkalk  types  in  the  northern  zone,  where 
they  had  not  before  been  recognized.  Among  the  fossils  common  to 
botn  tracts  is  the  Ammonites  Johannis  Austrice  (Hauer). 

Whether  any  true  triassic  plants  occur  in  strata  of  that  age  in  the 
central  escarpments  of  the  north-eastern  Alps,  is  unknown  to  me.  But 
the  discovery  of  them  in  certain  places  near  Waidhofen  and  Steyer, 
either  in  the  middle  of  the  area  occupied  by  the  secondary  limestones 
or  at  their  northern  edge,  has  led  to  a  classification  on  the  part  of 
the  eminent  mineralogist  Haidinger,  which,  with  every  respect  for 
him,  I  would  suggest  is  not  founded  on  a  sound  geological  basis. 
The  Calamitet  arenaceus,  Pterophyllum  lanffi/olium,  &c.  (identified 
as  such  by  Dr.  linger  of  Gratz)  have,  indeed,  been  found  in  a  sandstone 
which  dips  under  the  liassic  and  Jurassic  limestones  of  the  chain,  and 
such  keuper  plants  are  therefore  incontestably  in  their  right  position. 
Now,  as  this  sandstone  resembles  some  of  the  sandstones  with  im- 
pure limestones,  that  constitute  a  great  zone  geographically  ex- 
ternal to  the  whole  of  the  alpine  limestone,  and  to  which  the  name 
of  "  flysch "  has  been  apphed,  and  of  which  the  "  Wiener  sand- 
stein  *'  is  the  prolongation,  M.  Haidinger  has  identified  the  one  with 
the  other,  and  in  consequence  has  recently  coloured  as  "  keuper," 
the  whole  of  the  flyschf.  This  zone  of  rocks  is  that  which,  often 
affected  by  great  longitudinal  faults,  appears  to  dip  under  the  alpine 
limestone,  and  had  been  classed  as  the  uppermost  secondary  mass 
of  the  Alps.  It  is  this  very  zone  to  which  I  am  about  presently 
to  call  attention  in  detail  as  belonging  to  much  younger  deposits. 
If  the  enormous  thick  accumulations  of  grits,  limestones  and  fucoid 
schists  to  which  I  now  allude,  had  a  real  existence  beneath  the 
lias  where  the  strata  are  not  inverted,  then  surely  such  rocks  would 
somewhere  be  seen  in  the  well-exposed  natural  escarpments  near 
the  base  of  those  secondary  rocks  which  He  in  their  normal  posi- 
tions.    Such,  indeed,  is  the  position  of  the  trias  above  described. 

*  See  also  the  octavo  volume  accompanying  the  map  by  the  same  author, 
**  Eriauteningen  zur  geologischen  Uebenichttkarte  der  Nordostlichen  Alpen,  von 
A-  V.  Moriot.^ 

t  See  the  new  Geolog:ical  Map  of  the  Auitrian  Empire. 
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The  view  of  M.  Haidinger  is,  I  apprehend,  to  he  accoimied  for  by 
an  attempt  to  identifjr  rocks  by  mineral  resemblances,  and  bj  com- 
paring strata  in  broken  and  inverted  positions  with  others  (sup- 
posed to  be  the  same^  which  lie  in  their  normal  state.  Finding 
certain  sandstones  which  resemble  the  ''Wiener  sandstein"  really 
plunging  under  the  alpine  limestone  and  lias,  and  containing  keuper 
plants,  and  further  seeing  that  the  great  mass  of  the  Vienna  gntA 
external  to  the  chain  which  are  of  similar  app^irance  also  seem  to 
plunge  under  the  same  limestone  ridge,  a  conclusion  has  been  arriTcd 
at  raich  I  apprehend  my  distingmshed  friend  M.  Haidinger  will 
abandon,  as  applied  to  most  of  the  large  and  widely  spread  masses  in 
question.  For,  if  all  the  Vienna  grits  so  intercalated  between  the 
great  masses  of  secondary  and  tertiary  rocks,  be  the  representatiyes 
of  the  keuper,  then  all  the  "  flysch  of  Switzerland,  the  grits  and 
sandstones  on  the  flanks  of  the  Carpathians,  and  the  upper  macigno 
of  the  Italians,  may  on  such  reasomng  be  similarly  grouped.  Now, 
although  a  band  of  true  keuper  sandstone  with  plants  may  crop  out  in 
the  lo^dities  cited,  it  is  physically  impossible  that  all  the  great  ex- 
ternal zone  to  which  I  haye  alluded,  and  which,  as  I  shall  presently 
show,  truly  forms  the  last  member  in  ascending  order  of  the  great 
chain  of  the  Alps,  can  be  referred  to  the  keuper,  a  natural  system 
which  is  now  well  understood  in  the  Eastern  Alps,  and  not  one  of 
whose  fossils  has  eyer  been  found  in  that  external  zone  of  Vienna 
sandstone,  which  forms  the  continuation  of  the  Swiss  and  Bayarian 
"flysch"  on  all  preceding  maps*. 

In  the  extension  of  the  trias  westward  through  the  North  Tyrol, 
its  presence  is  only  as  yet  recognizable  to  ayery  umited  and  doubtful 
extent.  In  short,  it  may  be  stated,  that  no  discoyeries  haye  been 
made,  either  in  the  central  Swiss  Alps  or  in  Sayoy,  which  can  lead 
us  to  think  that  the  trias  has  had  any  existence  there.  Still, 
judging  from  the  analogy  of  the  Eastern  Alps,  it  is  possible  that  a 
spot  or  two  may  be  found  where  the  limestone  is  so  little  penetrated 
by  metamorphic  action  as  to  haye  left  some  intelligible  eridence 
of  the  triassic  group.  Leopold  yon  Buch  inclines,  I  belieye,  to  the 
opinion  that  such  a  group  will  be  detected. 

*  M.  Morlot's  map  of  the  North-Eastem  Alps  is,  as  I  conceive,  quite  correct  in 
representing  these  Vienna  grits  to  be  a  prolongation  of  the  **  flysch  '*  of  Switzer- 
land, and  in  placing  them  in  their  true  overlying  position.  But  since  its  publica- 
tion, M.  Morlot  has  abandoned  that  opinion,  and  has  adopted  the  view  of  M.  Hai- 
dinger. See  a  brief  notice  (Sulla  Conformazione  geologica  dell'  Istria,  Giomale 
deU'  Istria,  Nos.  61,  62,  1847).  Again,  in  a  communication  to  M.  Haidinger  on 
-the  position  occnpied  by  the  "  ^ener  sandstein  "  or  fucoid  grits,  he  endeavours 
to  show,  that  in  following  it  from  Istria  into  the  interior  of  the  Alps  up  the  valley 
of  the  Isonzo,  that  formation  is  seen  near  Raibl  to  take,  as  he  says,  '*  its  place 
between  the  lower  muschelkalk  (?)  and  upper  alpine  limestone,"  and  thus  represents 
the  Keuper  (Reports  of  the  Meetings  of  the  Friends  of  Science,  Vienna,  Haidinger, 
voL  iii.  Oct.  1847,  p.  334).  Whilst  these  sheets  are  passing  through  the  press, 
the  author  has  received  M.  Morlot's  detailed  memoir  and  map  of  Istria,  "  Natur- 
wissenschaftliche  Abhandlungen,  vol.  ii.  p.  257."  His  descending  order  is, — 
1.  Eocene  or  nummulitic  rodu ;  2.  Chalk ;  3.  Tassello.  I  have  some  diflicnlty 
in  reconciling  this  order  either  with  some  of  the  sections  or  with  th^  colouring 
of  the  map  of  Istria  by  M.  Morlot. 


Digitized  by  VjOOQIC 


1848.]        MVRCHI80N  ON  THE  STRUCTURE  OF  THE  ALPS.  171 

Lower  and  Upper  Alpine  Limestones. 

I4as8o^urassic  and  Oxfordian, — Following  the  classification  of 
M.  Lill  Ton  Lilienbacb»  Professor  Sedgwick  and  myself  considered 
the  alpine  limestone  of  the  Salzburg  Alps  as  divided  into  two  great 
masses,  separated  by  shale,  sandstone  and  limestone  with  certain 
saUferous  deposits.  In  differing  from  some  of  our  contemporaries  in 
assigning  a  portion  of  the  lowest  of  these  fossiliferous  Umestones  at 
Admety  to  the  ase  of  the  lias,  I  still  beUeve  we  were  correct.  But,  as 
before  said,  in  the  accurate  determination  of  all  the  members  of  these 
lower  secondary  rocks,  a  portion  of  which  is  now  ascertained  to  be 
triassic,  so  much  depends  on  the  researches  now  in  progress  by  the 
Austrian  palseontologists,  that  I  forbear  to  enter  upon  a  further  con- 
sideration of  the  relations  of  that  tract.  Looking  on  the  Alps  as  a 
whole,  however,  we  have  obtained  sufficient  proof  that  the  has  and 
equivalents  of  the  inferior  ooUte  occupy  a  considerable  thickness  4of 
the  lower  portion  of  what  was  called  alpine  limestone.  This  fact  has 
been  clearly  established  by  the  presence  of  fossils  in  the  Venetian, 
Tyrolese  and  Milanese  Alps.  There  are  indeed  tracts  in  which  the 
Gryphaa  incurva  and  several  true  liassic  ammonites  occur  in  rocks 
of  this  age,  whilst  in  Switzerland  and  the  Western  Alps  the  zone 
has  been  traced  and  identified  by  Studer,  £Ue  de  Beaumont,  Sis- 
monda  and  many  geologbts. 

In  following  these  lower  Jurassic  limestones  from  the  Eastern  into 
the  Swiss  and  Western  Alps,  great  changes  in  their  mineral  cha- 
racter are  observable.  In  the  first  region  they  are  very  ft^quently 
light-coloured  limestones  often  in  the  state  of  dolomite.  In  the  west 
they  are  for  the  most  part  dark  and  even  black.  As,  however,  the 
chief  strata  in  many  parts  of  the  Tyrol  occur  in  the  form  of  ordinary 
limestones,  and  as  these  can  be  followed  in  the  strike  until  they  are 
found  to  be  transformed  into  dolomites,  so  this  simple  fact  seems  to 
me  strikingly  to  corroborate  the  general  view  of  M.  von  Buch,  that 
the  dolomites  of  the  Alps  have  been  produced  by  a  modification  or 
metamorphism  of  the  onginal  strata.     Whatever  may  have  been  the 

Eroximate  cause  of  this  great  metamorphosis — ^whether  by  certain 
ot  vapours  or  gases,  which  rose  from  beneath  during  one  of  the 
revolutions  which  the  chain  has  undergone,  or  by  any  other  agent, — 
it  is  certain  that  this  cause  has  acted  not  only  vertically  and  obliquely, 
but  in  many  instances  horizontally  over  very  large  areas ;  thus  trans- 
forming the  superior  strata  and  leaving  comparatively  unaltered  those 
beneath.  If  the  crystaUine  dolomites  of  the  Eastern  Alps  were  the 
result  of  original  deposit  like  the  magnesian  limestone  of  England,  as 
some  geologists  aver,  then  we  should  not  see  the  irregular  and,  if  I  may 
so  say,  capricious  diffusion  of  the  dolomite,  which  far  from  affecting 
any  one  set  of  strata  in  their  horizontal  extension,  is  absent  or  pre- 
sent in  rocks  of  various  ages  and  at  different  horizons. 

Whilst  the  great  masses  of  dolomite  are  peculiar  to  the  Eastern 
Alps,  and  are  most  striking  in  the  tracts  of  the  South  Tyrol  which 
have  been  penetrated  by  porphyries  and  other  igneous  rocks,  their 
place  is  to  a  great  extent  taken  in  the  Western  Alps  by  copious  masses 
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of  g3rpsum.  In  like  manner,  as  the  dolomite  is  the  metamorphosed 
limestone,  the  lines  of  bedding  and  fossils  of  which  are  frequently  left 
in  the  transformed  masses,  so  are  the  great  accumulations  of  ffTpsum 
apparently  deposits  of  carbonate  of  lune  which  have  been  changed 
into  the  sulphate  of  lime.  Whether  on  the  highest  part  of  the  route 
over  Mont  Cenis,  or  in  the  deep  gorges  of  the  Tarentaise  or  the  Mau- 
lienne,  or  in  the  All6e  Blanche,  the  valley  of  Cormayeur  and  other 
tracts  around  Mont  Blanc,  the  same  lesson  is  invariably  to  be  read  off ; 
viz.  that  great  bands  of  limestone  have  been  here  and  there,  and  often 
alon^  zones  of  some  length,  converted  into  g3rpsum.  For,  the  strati- 
fication and  even  the  colours  of  the  original  mass  so  remain,  the  thick 
and  thinly  laminated  beds  of  various  tints  of  white  and  brown  and 
grey  limestone  are  so  preserved,  that  I  have  frequentlv  walked  up  to 
a  rock  imder  the  persuasion  it  was  a  continuation  of  the  limestone  of 
an  adjacent  escarpment,  imtil  my  hammer  undeceived  me.  Whilst 
ex{)re8sing  my  own  behef,  I  must  say  that  it  is  chiefly  a  development 
of  the  view  entertained  by  the  deceased  Mr.  Bakewell,  who  as  early 
as  1820,  when  residing  at  the  baths  of  Brida  in  the  Tarentaise,  came 
distinctly  to  the  conclusion,  that  the  great  Umestones  of  Savoy  be- 
longed to  the  upper  secondary  strata,  and  that  the  gypsum,  whether 
anhydrous  or  granular,  was  subordinate  to  and  interstratified  with 
them.  That  author  had  also  the  merit  of  remarking  how  these  sub- 
crystalline  rocks  of  secondary  age  were  associated  with  talc  schists 
and  mica  schists,  and  were  all  connected  with  the  alterations  due  to 
the  action  of  heat  and  the  formation  of  granitic  rocks*. 

I  will  not  here  enter  at  greater  length  into  the  question  of  whether 
these  masses  of  stratified  gypsum,  which  sometimes  occupy  entire 
mountains,  were  contemporaneously  deposited  with  carbonates  of  lime. 
If  the  presence  of  such  thick  accumulations  of  anhydrous  gypsum  be 
not  due  to  metamorphism,  I  would  ask  those  who  entertain  the  op* 
posite  view  to  explain,  how  they  can  suppose  that  in  the  very  same  sea 
and  at  the  very  same  period,  carbonates  of  lime  should  have  been 
deposited  along  many  leagues  of  the  sea-bottom,  and  that  all  at  once 
the  same  laminse  of  deposit  should  have  been  formed  of  sulphate  of 
lime  ?  How  dovetail  the  one  into  the  other  ?  On  the  other  hand, 
nothing  is  so  natural  as  that  the  evolution  of  heat  and  gas  in  a  region 
permeated  by  igneous  rocks  should  have  converted  the  original  car- 
bonates into  sulphates  in  one  tract,  and  have  left  the  limestones  un- 
changed in  another. 

Fortunately,  indeed,  nature  still  exhibits  in  the  Alps  of  Savoy 
the  process  by  which  this  conversion  may  have  been  effected. 
The  well-known  thermal  waters  of  Aix,  which  rise  from  a  great  line 
of  fissure,  and  contain  a  notable  quantity  of  sulphur,  do  now  actually 
change  the  ordinary  Jurassic  hmestone  into  the  sulphate  of  lime, 
wherever  their  hot  vapours  charged  with  sulphuric  add  have  access 

*  See  Bakewell*8  Travels  in  the  Tarentaise,  &c,  voL  i.  pp.  276  e/  ieg.  and  pp. 
289  to  31 1.  Showing,  according  to  M.  Charpentier,  that  the  granular  gypsum  of  the 
Alps  is  simply  the  decomposed  anhydrite,  Mr.  Bakewell  points  out  the  existence 
of  a  carbonaceous  stratum  in  the  heart  of  a  thick  band  of  gypsum. 
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to  that  rock*.  We  liave  only,  therefore,  to  suppose,  when  some  of 
those  powerful  changes  occurred  to  which  the  Alps  were  subjected, 
that  the  more  copious  transmission  of  such  hot  springs  and  gases, 
operating  on  a  grander  scale  and  with  much  more  intensity,  produced 
ooxnm^isurate  changes  of  the  carbonates  into  sulphates  of  lime,  even 
throughout  mountain  masses,  and  also  disseminated  flakes  of  sulphur 
at  intenrals  (as  we  find  them)  in  the  ^rpsum  of  the  Alps.  The  con- 
Tersicm  of  ordinary  limestone  into  the  sulphate  is  usually  accom- 
panied in  the  Alps  by  other  phsenomena  which  forcibly  bespeak 
m^amorphism.  The  Umestones  situated  near  deep  cracks  and  fissures 
(m  some  of  which  hot  springs  still  exist,  as  at  Moutiers)  are  fre- 
quently in  the  condition  of  a  cellular  hard  tufa,  sometimes  siliceous, 
whidi  is  known  in  Saroy  under  the  name  of  "  Cargneule."  No  one 
can  Tiew  this  rock  and  not  beheve  that  it  is  the  result  of  an  action  in 
which  much  heat  and  gas  were  evolved. 

Although  I  have  introduced  the  subject  of  these  metamorphisms 
of  limestone  whilst  speaking  of  the  lias  and  lower  oolite,  I  am  by  no 
means  prepared  to  say,  that  the  same  transformation  in  the  Western 
Alps  has  not  also  been  applied  to  strata  both  of  older  and  younger 
date  ;  just  as  limestones  of  different  age  in  the  Eastern  Alps  have  been 
changed  into  dolomites.  But  however  this  may  be,  great  masses  of 
gypsum  are  certainly  of  about  the  age  I  speak  of,  inasmuch  as  be- 
lemnites  and  ammonites  and  other  mells  of  the  lias,  including  the 
Gryph^a  gigantea,  have  been  found  in  the  associated  strata  at  Bex 
by  M.  Lardi.  Wherever  certain  ammonites,  such  as  the  A,  Walcotti, 
and  belemnites,  or  the  Gryphaa  incurva,  Plagiaatoma  gigantea,  &c., 
occur  in  the  strata  which  occupy  the  lower  zone  of  the  alpine  lime- 
stone, no  one  will  dispute  that  such  is  about  the  horizon  of  the  lias, 
whatever  may  be  the  mineralogical  character  or  colour  and  structure 
of  the  rocks. 

In  some  tracts  saurians  have  recently  been  found  in  the  limestones, 
as  near  Admont  in  the  Austrian  Alps,  and  at  Perledo  near  Laico  in 
the  Milanese ;  but  the  smaU  and  peculiar  forms  from  the  last-men- 
tioned locality  do  not  afford  such  sufficiently  clear  testimony  con- 
cerning the  age  of  the  depositf.  I  am  not  aware  that  any  fishes 
of  the  liassic  age  have  been  detected  in  the  Alps.     M.  Heckl  of 

*  M.  Joseph  Boi^ean,  in  an  elaborate  analysis  of  the  mineral  waters  of  Aix 
(Annales  des  Mines,  toL  xti.  Third  Series,  p.  299),  whilst  treating  of  various 
cfTectt  produced  by  their  acidulous  vapours  or  gases,  says — *'  Quelle  que  soit  la 
Mture  des  corps  soumis  ii  Taction  de  cette  vapeor  (gas  adde  sulfhydrique),  ils 
•ont  tons  ronges  et  d^truits  dans  un  espace  de  temps  plus  ou  moins  long.  Cett 
tmm  que  let  pierret  calcairet,  doni  »e  eompoeeni  let  mwrtf  te  eonvertittent  attex 
promptemeni  en  tu^ate  de  ehattx  h,  leur  surface,"  p.  342.  The  intelligent  physician 
of  the  baths,  M.  Despine  fils,  showed  me  the  effects  of  this  process,  and  gave  me 
specimens  in  which  limestone  several  inches  thick  had  been  so  metamorphosed. 
This  phaenomenon  of  conversion  of  carbonate  of  lime  into  sulphate  is  also  clearly 
described  by  Professor  Mousson  of  Zurich,  in  a  very  able  memoir  on  the  district 
arocuid  Aix  and  Chambery.  The  subject  of  the  occurrence  of  thermal  waters  along 
fines  of  dislocation  is  still  more  fiilly  developed  by  this  author  in  his  sketch  of  the 
geology  around  Baden  in  Switzerland. 

t  See  Memoir  by  M.  Oiuliano  Corioni,  Giomile  dell'  Instituto  Lombardo  delle 
Seienze,  torn.  xvi.  p.  170. 
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Vienna,  an  excellent  ichthyologist,  showed  me  indeed  a  small  round 
fish  with  a  heterocerque  tiul  from  Perledo  near  Laico,  the  same  tract 
in  which  the  small  saurian  occurs,  and  which  might  lead  to  the 
belief  in  the  existence  of  a  still  older  deposit  in  that  r^on.  ^  He 
also  pointed  out  to  me  specimens  of  ichthyolites  from  bitmninons 
schists  associated  with  the  limestones  between  Adelsberg  and  Zirck- 
nitz  in  lUyria,  which  are  chiefly  of  the  eenera  Lepidotus  and  Palaeo- 
niscus,  and  much  resemble  the  fishes  I  formerly  collected  at  Seefeld* 
in  the  North  Tyrol,  the  strata  of  which,  accordins  to  the  nreseut 
view  of  their  succession,  must  be  the  equivalents  of  the  lias  and  lower 
oolite.  In  Illyria,  however,  the  above  fishes  are  associated  with  a 
species  of  the  genus  Thryssaps,  which  has  not  yet  been  found  at 
Seefeld,  but  occurs  at  Solenhofen.  These  fishes  indicate  then  the 
existence  of  Jurassic  rocks  in  that  region. 

In  tracing  the  lias  and  Jura  Umestone  through  Savoy,  I  shall  say 
little  more  Uian  that,  in  following  out  the  researches  of  M.  jfelie  de 
Beaumont,  Professor  Sismonda  has  detected  the  presence  of  a  suffi- 
cient number  of  fossils  to  characterise  the  liasso-jurassic  and  overlying 
Oxfordian  groups,  fossils  of  both  of  which  are  to  be  seen  in  the  mu- 
seums of  Turin  and  Chambery. 

Rocks  containing  Belemnites  and  Coal  Plants  in  the  Savoy  Alps. 
— I  may  now  allude  to  the  much-agitated  question  of  the  plants  of 
carboniferous  spedesf  being  associated  with  belemnites.  M.  Elie  de 
Beaumont  and  M.  Sismonda  contend  that  these  plants  (which  are 
doubtless  true  carboniferous  species)  are  interstratified  with  belem- 
nites, notably  at  Petit  Cceur  in  the  Tarentaise,  and  that  in  many 
other  parts  of  Savoy  zones  of  similar  plants  occur,  which  are,  in  truth, 
prolongations  of  liassic  or  Jurassic  deposits,  in  which  the  well-known 
animal  remains  of  those  periods  prevail.  This  opinion  has  met  with 
antagonists,  and  the  greater  number  of  geologists,  being  naturally 
averse  to  what  they  consider  an  anomalous  collocation,  the  recognition 
of  which  is  attended  with  ^eat  difficulties,  are  disposed  to  receive 
with  favour  every  effort  which  has  been  made  to  explain  the  phseno- 
menon  by  reversal  or  plication.  Until  I  visited  the  Savoy  Alps,  I 
confess  that  I  was  of  this  number ;  for  the  theoretical  sections  of 
M.  Favre  of  Geneva,  shovring  the  possible  curvature  of  beds  the  ends 
of  which  have  been  truncated,  and  the  opinions  at  which  other  geo- 
logists had  arrived,  that  a  true  representation  of  the  carboniferous 
system  existed  in  the  Savoy  Alps,  and  that  the  plants  of  Petit  Coeur 
formed  a  part  of  it,  had  strongly  predisposed  me  to  coincide  with  such 
views.  After  an  examination,  however,  of  the  case  of  Petit  Coeur, 
I  know  not  how  to  arrive  at  any  other  conclusion  than  that  adopted 
by  M.  de  Beaumont  and  M.  Sismonda,  the  grounds  for  which  I  now 
proceed  to  explain. 

*  See  Phil.  Mtg.  and  Ann.  of  Philosophy,  1829,  vol.  vi.  p.  36.  At  thtt  time,  long 
before  the  days  of  Agassiz,  I  suggested  that  these  fish  might  be  of  the  age  of  the 
Thuringian  schists.    They  are  however  clearly  of  liasso-jurassic  age. 

t  Mr.  Bunhury  has  recently  shown  that  all  the  species  of  pUnts  from  these 
localities,  examined  by  him  at  Turin,  are  true  carboniferous  forms— thus  confirm- 
ing the  dictum  of  M.  Adolphe  Brongniart  (Joum.  Geol.  Soc  vol.  v.  p.  130). 
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The  chief  natural  feature  which  iuflueuced  me  in  relation  to  this 
question  was,  that  wherever  I  turned  my  steps  in  the  Savoy  Alps, 
whether  into  the  Maurienne  or  the  Tarentaise,  or  towards  the  en- 
Tirons  of  Mont  Blanc,  I  umformly  observed  that  beneath  a  zone  di- 
stinguishable as  lias  by  its  fossils  as  well  as  by  its  intimate  relations 
with  overlying  Jura  deposits,  there  was  (with  the  exception  of  a  certain 
conglomerate  and  sandstone,  often  associated  closely  with  such  lias) 
no  sufficient  development  to  represent  any  of  the  inferior  formations 
frcm  the  trios  inclusive  chumwards ;  all  the  lower  strata  being  in  a 
metamorphosed  and  crystalline  condition.  In  other  words,  it  seemed 
to  me  that  between  the  inferior  crystalline  rocks  and  the  stratum  with 
belemnites  (often  itself  much  altered),  there  was  no  adequate  repre- 
sentative in  space  or  time  for  the  carboniferous  rocks ;  which  if  ever 
they  existed,  must,  therefore,  I  inferred,  have  been  merged  in  the 
great  metamorphosis  which  all  the  central  portion  had  undergone. 
Nor  could  I  avoid  the  queiy,  if  the  schistose  deposits  in  which  true 
and  beautifully  preserved  coal  species  occurred,  were  of  the  old  car- 
boniferous date,  why  no  vestige  of  any  palaeozoic  animal  had  been 
ever  detected  in  the  Western  Alps,  whilst  in  the  Eastern  Alps  there 
are,  as  has  been  stated,  animal  remains  of  the  triassic,  carboniferous, 
Devonian  and  Silurian  ages  ? 

Let  us  now  appeal  to  the  facts  of  the  section  of  Petit  Cksur.  On 
inspecting  the  map  of  Savoy,  it  will  be  seen  that  at  Conflans  or 
Albertville,  the  river  Isfere  having  hitherto  flowed  tranversely  by 
Moutiers  in  a  deep  valley  across  the  ridges  of  the  Tarentaise,  or  from 
S.W.  to  N.E.,  makes  a  sudden  bend  and  thence  trends  south-west- 
ward to  Montmelian  and  Grenoble.  This  latter  part  of  its  course  is, 
in  &ct,  determined  by  mountains  of  Jurassic  limestone,  which  have 
the  same  general  direction,  and  which  constituting  the  outer  zone  of 
the  Alps,  are  composed  of  the  equivalents  of  the  O^fordian  and  upper 
oolites,  together  with  the  overlying  cretaceous  deposits  hereafter  to 
be  alluded  to.  In  ascending  the  transverse  gorge  of  the  Is^re  from 
Albertville  to  Moutiers, 'the  geologist  has  no  sooner  quitted  that  outer 
calcareous  zone  and  passed  to  the  opposite  side  of  the  valley,  than  he 
finds  himself  immersed  in  talcose  crystalline  schists,  in  parts  highly 
quartzose,  and  in  parts  having  somewhat  of  a  gneissose  aspect.  I  do 
not  pretend  to  describe  every  variety  of  these  rocks,  but  it  is  worthy 
of  remark,  that  in  this  narrow  transverse  gorge,  whether  they  be 
talcose,  micaceous,  felspathic  or  quartzose,  the  strata  in  their  central 
part  appear  to  wrap  over  an  ellipsoid  of  granite  and  granitic  gneiss, 
which  is  in  parts  porphyritic*.  As  far  as  dip  can  be  marked,  these 
ciystalline  rocks  between  Albertville  and  the  zone  of  granite  are  ver- 
tical ;  whilst  to  the  S.E.  or  higher  up  they  incline  away  from  the 
granite.  At  all  events,  when  the  gorge  widens  and  you  approach 
to  Petit  Coeur,  a  village  on  the  right  bank  of  that  river,  the  dip  of 
the  crystalline  mass  is  decisively  to  the  S.E.     A  coarse  quartzose 

*  See  the  clear  and  copious  tccount  of  all  these  phenomena  in  the  narrative  of 
the  excursion  of  the  geologists  assembled  at  the  meeting  of  Cbambery  in  1841, 
by  the  Abb^  (now  Canon)  Chamonsset,  as  well  as  M.  Virlet's  note  on  the  porphy- 
ritic  granite  of  La  Batie  (BulL  Soc.  G^l.  Fr.  vol.  i.  New  Series,  pp.  166  et  teq.), 
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conglomerate  is  here  intercalated  in  the  talc  schists  and  dips  ^th 
them.  A  little  above  or  N.  of  Petit  Cceur  a  mountain  rill  descending 
from  N.E.  to  S.W.,  waters  the  highly  inclined  faces  of  these  talc 
schists,  or  rather  occupies  a  deep  gorge  in  them,  to  the  east  of  which 
these  same  beds  are  seen  to  graduate  up  into  and  to  be  surmounted 
by  others  which  contain  belemnites  and  plants,  the  whole  in  perfectly 
conformable  apposition  and  at  angles  from  70^  to  75^  as  expressed 


N.W. 


Talc  schist.  1  S  3  4  5  Jnraanc  rocks. 


1.  Tale  sdiist  with  sandstone.  4.  Oiits,  suidstone,  Ac. 

S.  Bbdi  slates  (Bdemnites).  6.  Jonssie  sdusts,  &e. 

S.  Tale  schists  with  anthracite.  ft  Coarse  detritos  and  bkM^. 

in  the  woodcut  (fig.  2).  The  upper  portion  of  the  inferior  or  cry- 
stalline strata  is  a  light-coloured  talc  schist  used  in  the  mountains 
for  the  covering  of  oottaees.  It  is  called  "  ardoise  blanche"  b^  the 
quarrymen,  and  forms  me  floor  of  the  quarry  (1).  Immediately 
upon  this,  and  perfectlv  parallel  to  it,  Ues  another  stratum  (2)  of  fissile 
calcareous  flagstone  of  oark  indigo  colour,  called  "  ardoise  noire,"  in 
which  the  belemnites  occur.  I  could  detect  no  slaty  cleavage  in  these 
beds,  whilst  both  the  shining  or  talcose,  and  the  dull  black  or  calca- 
reous flagstones  strike  N.N.E.  and  dip  tocether  70°  to  75°  E.S.E. 
They  are  further  connected  by  certain  bands  of  hard  sandstone  oc- 
casionally coarse  and  gritty,  with  which  the  dark  flags  alternate  to- 
wards their  base.  In  the  lower  quarry  (there  being  several  openings 
in  the  line  of  strike  in  order  to  procure  the  black  calcareous  flasstone), 
these  belemnitic  beds  are  seen  to  be  surmounted  by  another  band  of 
talc  schist  (3),  as  conformable  to  the  belemnite  flags  or  slates  (2)  as 
the  latter  are  to  the  inferior  talc  schist  (1).  The  uppermost  of  the 
three  beds  is  that  in  which  a  certain  portion  of  anthracite  has  been 
detected,  the  exploration  of  which  has  led  to  the  discovery  of  numerous 
plants.  These  plants  chieflv  lie  in  the  floor  of  the  anthradtic  schist, 
and  therefore  within  a  few  ^eet  of  the  belemnite  flass  (2),  and  they 
are  strikingly  distinguished  by  the  brilliant  white  rehef  of  the  frame- 
work of  the  v^tables  due  to  the  dissemination  of  the  talc  upon  the 
dark  ground  of  the  schist  or  flagstone/  Much  pyrites  in  single  cry* 
stals  and  bunches  occurs  throughout  th^  rock. 

This  carbonaceous  schist  with  plants,  several  yards  thick,  is  sur- 
mounted by  strong  beds  of  dark  grey  hard  grit  that  weathers  to  a 
rusty  colour,  and  which  alternates  several  times  with  dark-coloured 
schists.  And  here  it  is  to  be  observed,  that  the  sandstone  (4)  above 
the  coal  plants  is  not  to  be  distinguished  from  the  band  beneath  the 
belemnite  flagstone ;  or  in  other  words,  both  the  belemnite  and  the 
plant  beds  form  parts  of  the  same  geological  mass,  the  upper  and 
lower  parts  of  which  are  of  similar  composition,  the  talc  scnis^  and 
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the  sandstone  being  repeated.  In  fact,  I  cannot  imagine  how  any 
geologist  can  look  at  this  section  and  not  declare  that  the  whole  of 
these  strata  form  one  natural  group  of  very  small  dimensions.  In 
tradne  these  beds  up  the  hill-side  I  further  convinced  myself,  that 
the  bdenmite  flags  (the  belemnites  most  abound  in  the  upper  quarries) 
have  there  exactly  the  same  relations  to  oyerlying  and  underlying 
grits,  the  whole  resting,  as  in  the  lower  quarries,  on  the  white  talc 
slates  and  also  in  per^ct  conformity.  In  these  sections  there  can 
be  no  ambiguity,  for  you  can  absolutely  follow  the  line  of  strike  of  each 
bed  nearly  a  mile  up  the  mountainnside.  No  traces  of  folding  or 
contortion  are  observable ;  and  as  belemnites  have  been  found  with^  a 
foot  of  the  coal-plant  bed,  it  appears,  that  however  we  may  endeavour 
to  explain  them,  the  physical  facts  are  clear  and  decisive. 

It  IS  true,  that  in  ascending  the  hill  the  anthracite  thins  out  from 
four  feet  to  a  few  inches,  whilst  the  black  belemnite  flags  are  more 
expanded  in  the  higher  than  in  the  lower  quarries ;  but  this  phseno- 
menon,  so  well  known  to  eveiy  working  geologist,  is  not  worm  men- 
tioning, were  it  not  necessary  to  allude  to  the  minutest  circumstance 
in  this  sii^^ular  collocation.  The  whole  group  is  affected  by  the  same 
lines  of  joint  or  division,  and  all  the  beds  exfoliate  parallel  to  the  lAmmap^ 
of  deposit,  the  more  calcareous  portions  showing  a  tendency  to  assume 
flat  concretionary  forms,  which  produce  small  undulations  m  the  upper 
quarries. 

Above  Petit  Coeur  the  dip  to  the  S.S.E.  is  continuous  for  a  short 
distance,  and  there  is  therefore  a  certain  amount  of  ascending  order ; 
but  in  the  parallel  of  Moutiers  the  succession  is  checked  by  one  of  those 
grand  transverse  dislocations  so  frequent  in  the  Alps,  accompanied  by 
the  evolution  of  hot  springs. 

According  to  M.  de  B€»&umont  and  M.  Sismonda,  the  belemnites, 
shales  and  flagstones  of  Petit  Coeur  are  a  portion  of  certain  adjacent 
Jurassic  groups  in  which  many  ammonites  and  other  fossils  occur. 
These  fossils  are  found  in  strata  of  dark  shale  and  schist,  which  ap- 
pear on  the  strike  of  these  beds  as  they  range  across  the  valley  of  the 
Is^re  and  appear  in  the  passes  which  traverse  the  mountams  that 
separate  the  Tarentaise  from  the  Maurienne.  It  is  probable  that  the 
same  strata  are  several  times  repeated  by  fractures  if  not  by  undula- 
tions ;  for  it  seemed  clear  to  me  that  the  whole  of  the  series  exposed 
between  St.  Michel  and  St.  Jean  de  Maurienne,  t.  e.  the  dark  shale  and 
patches  of  coaly  matter  underlying  or  associated  with  Jurassic  rocks, 
represents  the  succession  seen  between  Petit  Coeur  and  Moutiers  in 
the  Tarentaise.  The  ammonites  and  other  fossils  I  now  present 
were  taken  from  the  broken  slopes  of  the  Col  de  la  Madeleine,  or 
rather  from  the  elevated  depression  immediately  to  the  S.S.W.  of 
Aigues  blanches,  where  they  were  collected  by  M.  Ansenet.  They 
appear  to  be  in  great  part  the  same  as  those  already  collected  in  the 
tract  at  the  Encombres  by  M.  A.  Sismonda,  among  which  that  author 
enumerates  the  Ammonites  Jimbriatus,  Sow.,  A.  planicostattu,  Sow.» 
Avicula  itueqvtvalvis,  Sow.,  A,  costata.  Sow.,  Terehratula  inaqui" 
valms,  Sow.,  T.  variabilis,  with  a  multitude  of  belemnites*. 

*  See  a  more  complete  list  of  these  fossiU,  with  specimens  from  other  plsces  in 
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If  the  previous  statement  of  the  geological  relations  at  Petit  Coeur 
be,  as  I  think,  accurate,  t.  e,  if  the  plants  and  belemnites  re«Uv  lie 
in  the  same  deposit,  as  was  also  concluded  by  the  eeolog^sts  ol  the 
French  Society,  who  met  at  Chambery,  the  anomiuy  is  great,  and 
involves  us  in  considerable  natural-history  difficulties.  But  are  these 
difficulties  insurmountable,  and  ought  geologists  to  shrink  from  en- 
deavouring to  reconcile  them  becauBC  they  interfere  with  the  general 
distribution  of  fossO  plants  ?  Excluding  for  the  present  all  theory, 
let  me  say  that  I  cannot  admit  the  presence  of  certain  species  of  fossil 
plants  to  be  as  decisive  of  the  age  of  a  deposit  as  that  of  the  remains 
of  any  well-known  animal.  Thus,  the  Catamites  arenarius  cited  by 
Brongniart  as  pertaining  to  the  old  coal,  is  found  both  in  the  Penman 
system  and  in  the  Bunter  sandstein  and  Keuper,  or  throughout  the 
Trias,  a  system  in  which  no  one  palaeozoic  animal  has  been  detected. 
Again,  the  Equisetum  columnare,  which  so  abounds  in  the  Brora 
(ooUte)  coal,  and  is  most  abundant  on  the  Yorkshire  coast  beneath 
the  Kelloway  rock,  is  one  of  the  most  common  of  the  trias  plants  ci 
Germany.  And  yet  as  a  whole,  both  the  fauna  and  flora  of  the  middle 
oohte  and  trias  are  utterly  dissimilar.  Look,  on  the  other  hand,  to 
the  weight  attached  to  the  presence  of  belemnites.  In  no  instance 
has  a  belemnite  been  detected  in  any  part  of  the  world  below  the 
has.  The  trias,  of  which  there  is  not  a  trace  in  Savoy,  but  now  so 
well  known  in  the  Eastern  and  Tyrolese  Alps,  affords  no  sign  of  a 
belemnite  any  more  than  the  same  group  in  other  regions ;  still  less 
has  any  one  ever  heard  of  a  belemnite  in  an  old  carboniferous  deposit 
in  any  part  of  the  world. 

In  giving  the  previous  description  of  the  section  at  Petit  Ckenr,  I 
have  done  so  in  opposition,  I  repeat,  to  the  strong  wish  I  entertained 
to  be  able  to  offer  any  explanation  which  might  obviate  the  dilemma 
in  which  such  a  recognition  places  us.  I  tried,  for  example,  to 
account  for  the  phaenomenon  by  an  inverted  dip,  and  endeavoured 
to  reconcile  the  overlying  position  of  the  coal  plants  by  a  reversal, 
similar  to  that  which  clearly  operated  on  the  north  face  of  Mont 
Blanc :  but  there  the  belemmtic  strata  plunge  under  crystalline 
rocks,  whilst  at  Petit  Coeur  they  overlie  and  are  intercalated  in  them. 
I  could  not  speculate  on  the  crystalline  rocks  of  the  Is^re  being  ori- 
ginally of  younger  age  than  the  belemnite  beds,  like  the  well-known 
examples  on  the  northern  face  of  Mont  Blanc  in  the  vale  of  Chamo- 
nix,  and  having  been  metamorphosed  by  the  influence  of  the  ellipsoid 
of  granite  before  adverted  to  ;  because  if  so,  and  that  these  fosaili- 
ferous  beds  were  inverted,  other  older  strata  besides  the  mere  bed 
with  coal  plants  would  be  found  above  them,  which  is  not  the  case ; 
the  same  liassic  or  Jurassic  group  being  manifestly  developed  in  con- 
siderable force  on  tne  line  of  dip. 

Those  geologists  who  have  explored  the  environs  of  Mont  Blanc 
have  long  been  acquainted  with  the  fact  first  indicated  by  Sir  Henry 
de  la  Beche,  that  coal  plants  also  appear  in  the  well-known  con- 
Piedmont,  which  include  other  known  species  of  Sowerby,  V.  Buch»  Schlotheipif 
Agassiz,  &c.,  as  given  by  M.  Sismonda,  with  a  descriptive  plate  of  the  species 
from  the  Enoombres  (Bull,  de  la  Soc.  G^ol.  Fr.  vol.  v.  New  Series,  p.  410). 
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^omerate  of  Valorsine,  and  it  is  fair  to  state  that  a  yery  clear  and 
instraetiye  recent  section  of  M.  Favre  indicates,  that  this  hand  there 
forms  (Col  de  Balme)  the  conformahle  base  of  all  the  liassic  and 
Jurassic  deposits,  whether  altered  or  unaltered,  of  that  highly  dis- 
turbed tract*. 

I  do  not  wish,  with  my  present  knowled^,  to  press  the  question 
more  closely.  Those  who  haye  not  examined  the  sections  might 
theorize  that  the  thin  anthracitic  zone  of  Petit  Cceur  was  a  mere 
shred,  which  had  been  lefl  among  the  gorges  of  the  pre-existing 
and  crystalline  rocks,  but  it  is  impossible  to  apply  such  a  hypothesis 
to  the  case ;  for  if  the  ciystalline  rocks  on  the  Is^re  be  of  anterior 
date,  then  we  see  that  the  belemnites  lie  between  them  and  the  coal 
plants ;  and  if  they  be  altered  lias  and  Jura,  then  it  is  almost  in- 
credible that  a  few  feet  of  old  carboniferous  rocks  should  be  so  con- 
formably interlaced  with  these  younger  deposits.  It  is  just  barely 
possible,  that  instead  of  the  vertical  truncated  cone  theoretically  sug- 
gested by  M.  Fayre  to  explain  the  anomaly  f,  the  older  carboniferous 
rocks  mi^  haye  here  been  thrown  into  a  yery  rapid  inverted  anticlinal 
flexure,  leaying  a  few  feet  only  at  their  apex,  and  that  Jurassic  or 
liassic  strata  haye  been  conformably  folded  around  this  point,  the 
whole  haying  been  since  altered  and  denuded.  But  if  so,  it  is  cer- 
tainly a  section  more  deceptiye  than  any  I  eyer  examined ;  and  until 
I  meet  with  other  sites  affording  a  difl^rent  explanation,  I  can  only 
repeat  my  beUef,  that  the  relations  of  the  strata  sustain  the  conclu- 
sions of  M.  £.  de  Beaumont^. 

Upper  Alpine  Limestone  (Ox/ordian,  ^c). — I  may  remind  English 
geolc^ts,  that  the  parallelism  with  their  oolitic  deposits  which  has 
been  so  elaborately  worked  out  by  M.  P.  Merian  and  other  Swiss  au- 
thorities in  the  Jura  mountains,  has,  despite  of  change  of  mineral  cha- 
racter and  the  much  rarer  occurrence  of  fossils,  been  successfully  ap- 
plied to  the  French  and  Sayoy  Alps  by  M.  Sismonda,  and  to  the  Swiss 
Alps  by  Prof.  Studer  and  M.  Escher.  But  notwithstanding  the  former 
publications  of  Pasini  and  Catullo,  the  clear  definition  of  an  equiya- 
lent  of  the  Oxfordian  group,  as  established  in  the  Sayoy  and  Swiss 
Alps,  had  not  been  defined  in  the  Southern  Alps  until  M.  yon  Buch 
demonstrated  to  the  Italian  geologists  at  the  Muan  meeting  that  their 
"  Ammonitico  rosso"  was  of  Oxfordian  age§.  This  view  has  since 
been  much  extended  in  respect  to  the  Venetian  Alps  by  M.  de  Zigno 
of  Padua.  In  the  excursion  of  the  geologbts  of  the  Venetian  meet- 
ing before  alluded  to,  in  the  mountains  of  the  Setti  Communi,  my 
friends  and  myself  were  convinced  of  the  accuracy  of  the  fossiliferous 
distinctions  by  which  that  geologist  had  separated  the  red  ammonite 
limestone  from  the  lower  Jurassic  rocks  on  the  one  hand,   and 

♦  Ban.  Soc  G^L  Pr.  vol.  y.  p.  263. 

t  Remarques  aur  lea  Anthracitea  des  Alpes,  par  Alphonse  Favre.  Tom.  ix.  M^m. 
Soc.  Phys.  et  Hist.  Nat.  de  Geneve. 

t  The  able  Memoir  of  M.  Scipion  Gras,  on  the  association  of  the  carbonaceous 
deposiuof  the  Isere,  and  on  their  passage  into  crystalline  rocks  beneath,  and  their 
being  clearly  separated  from  all  liassic  strata  above  them,  is  to  be  taken  into  con- 
sideration in  settling  this  question.    See  Annales  des  Mines,  vol.  xvL  p.  361. 

§  See  BuU.  Soc.  G^L  Fr.  vol  i.  pp.  132  et  pasrim. 
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from  the  oyerlving  neocomian  and  cretaceous  rocks  on  the  other. 
Ill  ascending  from  Pedescala,  in  the  valley  of  the  Astico,  to  the 
plateau  of  the  Setti  Communi,  we  passed  first  over  the  edges  of  a 
great  mass  chiefly  in  the  state  of  dolomite,  probahly  representmg 
the  lias  and  inferior  ootite,  and  then  over  ruhhly  yeUowish  earthy 
Umestone ;  next  over  other  courses  of  greyish  Umestone  containing 
Turritellae,  followed  hy  Umestone  of  deep  red  colour,  which  from  the 
quantity  of  ammonites  found  in  it  has  obtained  the  name  of  "  Ammo* 
uitico  rosso."  This  last  is  surmounted  by  the  white  neocomian 
limestone.  In  traversing  the  lofty  plateau  of  the  Setti  Communi 
from  Castel  Bello  by  Rotzo  and  Roana*,  we  had  numerous  exhibi- 
tions of  an  ascending  order,  from  grey  earthy  limestone,  with  some 
sandy  beds,  up  into  the  same  red  ammonite  limestones,  and  thence 
into  the  white  neocomian,  which  is  here  a  purely  white  indurated 
rock,  and  as  much  loaded  with  flints  as  our  chalk  of  Antrim,  which 
it  much  resembles.  Without  dwelling  on  any  details,  I  will  simply 
enumerate  the  succession  of  the  strata  of  this  tract,  as  proved  from 
different  sections  which  exhibit  the  strata  more  or  less  mdined,  bat 
all  conformable,  and  in  this  ascending  order : — 

1 .  Dolomite,  &c.,  of  great  thickness,  probably  representmg  lias. 
2.  Compact  brecciated  marls.  3.  Beds  of  fine  oolite,  alternating 
with  yellowish  marly  limestone,  containing  shells,  including  Di- 
ceras,  Gryphsea,  &c.  4.  Thin-bedded  Umestone  with  Nerinsea 
and  univalves.  5.  Thin-bedded,  dark  gr^,  sandy  limestone, 
with  Neuropteris  and  other  plants.  6.  "  Lumachello  grigio," 
grey  mottled  Umestone  with  marl,  yeUow  marly  beds  and  gr^ 
lumachello  with  sections  of  large  bivalves.  7.  **  Ammomtico 
rosso."  This  rock  is  invariably  the  summit  of  all  the  Jurassic 
strata  in  this  region,  and  clearly  represents  the  Oxford  formadon. 
Although  seldom  more  than  fifty  or  sixty  feet  thick,  it  is  an 
exceUent  horizon,  since  it  contains  Amnumitea  athleta  (PhiD.^, 
A.  anceps  fReinecke),  A.Hameri  (D*Orb.),  A.  Tatricus  (Pusch), 
A.  viator  (D'Orb.),  with  Terebratula  diphya  and  T.  tritmgulata. 
8.  "  Biancone,"  or  neocomian  with  Crioceras  Duvalli  (Lejrm.), 
Belemnites  latus  (Blainv.),  Ammonites  asterianttSi  A.  incertus 
and  A.  semistriatus  (D*Orb.),  with  some  forms  in  the  upper- 
most beds  resembling  those  of  gault,  such  as  A.  Royerianut 
(D'Orb.).  In  aU,  this  group  contains  fifteen  species  of  Am- 
monites, five  or  six  species  of  Crioceras  with  Ancyloceras, 
Aptychus  of  two  species,  &c.  9.  "  Lower  Scaglia,"  of  grey 
colours  with  fucoids, — ^lower  chalk.  10.  "Upper  Scaglia,"  of 
red  and  white  colours, — ^upper  chalk,  &c.  1 1 .  Kummuhte  lime- 
stone and  grit,  with  Cerithium  giganteum  and  NummuHtes  of 
the  same  lower  tertiary  age  as  in  the  same  position  at  Bassano ; 
of  which  and  of  all  tne  series  from  the  neocomian  upwards  I 
shall  treat  hereafter. 

In  other  parts  of  the  South  Tyrol,  and  notably  at  Trent,  M.  Ton 

*  This  is  the  wild  country  of  the  ancient  Cimri»  and  the  people  sUll  talk  a  lan- 
guage unknown  in  any  other  part  of  the  Alps. 
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Bach  pointed  out  to  me  the  clear  detennmation  of  the  Oxfordian 
fonnation  by  the  presence  of  seyeral  of  the  fossils  aboye  enumerated ; 
and  in  the  grand  natural  sections  between  Rovereto  and  the  Cometo 
pass,  I  also  perceiyed  a  fine  succession  under  the  Ammonitico  rosso. 

The  same  Oxfordian  zone  has  been  detineated  in  Piedmont  and 
Sayoj  by  M.  Sismonda.  In  the  enyirons  of  Chambery  and  Aix  lea 
Bains,  I  had  the  adyantage  of  studying  its  relation  to  the  superior  or 
cretaceous  strata  with  the  Canon  Chamousset.  That  geologist  has 
there  diyided  the  great  Oxfordian  masses  into  four  parts,  the  lowest 
of  which  are  marly  limestones  in  beds  of  about  a  foot  thick.  2ndly, 
limestones,  deep  grey  or  bluish,  with  white  yeins  and  some  ferrugi- 
nous oolite.  It  IS  this  band  which  contains  most  of  the  fossils,  inclu- 
ding tiie  Jmmomtes  biplex,  &c.,  with  Aptychi,  &c.  3rdly,  Foliated 
marb  or  calcareous  flags ;  and,  4thly,  Marly  limestone,  &c.  This 
xone  is  oyerlaid  by  hmestone  with  many  corals,  which  is  paralleled 
with  the  coral  raff  of  English  geologists,  and  that  again  is  conformably 
oyerlaid  by  a  full  expanse  of  the  neocomian  formation,  which  in  this 
region  is  <uyisible  into  three  parts. 

Not  describing  all  these  strata,  I  here  merely  annex  a  general  sec- 
tion from  the  base  of  the  Oxfordian  to  the  summit  of  the  Neocomian, 
which  I  made  on  the  western  shore  of  the  Lac  de  Bourget  on 
the  sides  of  the  zigzag  road  from  Chambery  to  Lyons,  which  tra- 
yerses  the  Montague  du  Chatf.     This  Oxfordian  group  forms  the 


{b.    Upper  NaoeoDdaa  Umettooe  with  Ckmrnta  ommonto. 
a*.  Middle  Neocomian  with  Spaiamgu$  reiunu. 
a.   Lower  Neocomian,  greenish  ferruginous  calc  grit  with  Ottrem,  Peeiena,  ftc.a 
base  of  English  Lower  greensand. 

, ..  /3.    Coralline  limestones  Coral  rag.    Summits  dolomitie. 

Jurassic.  •(  J  ^   Oxfordian  Juia  with  Kdloway  rock  fossils.    9.  Schists  and  limestones. 

base  of  all  the  outer  edges  of  the  Sayoy  Alps  ;  their  summits  usually 
consisting  of  neocomian  Hmestone,  and  often  coyered  by  still  younger 
rocks.  Tuis  order  is  seen  around  Chambery  and  the  lake  of  Bourget 
at  Annecy,  in  the  yalley  of  the  Arye,  both  aboye  and  below  Sallenches, 
and  near  Geneya. 

The  Oxfordian  limestones,  but  without  such  a  capping,  are  co- 
piously exhibited  in  the  range  of  mountains  east  of  Veyey.  At 
Chatel  St.  Denis,  where  the  limestone  is  yery  mottled  and  con- 
cretionary, it  is  loaded  with  ammonites  and  Aptychi^ ;  and  the  same 
rock,  subjected  to  great  flexures,  rises  into  the  high  peak,  the  Dent 

t  See  Boll.  Geol.  Soc.  Fr.  new  ser.  t.  i.  pi.  9.  fig.  3. 

X  I  was  directed  to  these  limestones  by  M.  Studer,  and  M.  Collon  of  Veyey  ac- 
companied me  thither. 
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de  Jaman*,  ao  well  known  to  tourists,  where  masses  of  the  mottled 
limestone  with  flint  nodules  repose  on  dark  schists  and  impure  lime- 
stones as  thus  represented.     From  that  peak  there  is  apparently  a 

Fig.  4.  I>tntde 


V6vcy« 


MolMW.  Flult.  Lower  Jan.       *  Strike  N.  ft  S.        '      Oxibnliaa. 

descending  succession  through  other  limestones,  as  eiroosed  in  the  gorge 
of  the  Baye  de  Montreux  near  Glion,  down  to  the  blade  fetid  limestones 
and  shale  at  the  bridge  of  Montreux,  which  may  represent  the  liasf. 
Affain,  when  wandering  through  the  Swiss  Alps,  whether  on  the 
lakes  of  Thun  and  Brientz,  on  the  upper  portion  of  the  Lake  of  the 
Four  Cantons  (fig.  12),  or  on  the  northern  shore  of  the  lake  of  Walloi- 
stadt  (fig.  14),  I  came  upon  calcareous  bands,  which  Studer,  Escher, 
and  the  best  Swiss  geologists  consider  to  be  of  Oxfordian  age,  some- 
times surmounted  by  limestones  the  equiyalent  of  the  coral  rag,  and 
sometimes  without  them,  but  invariably  covered  by  the  neocomian 
limestone,  as  in  the  Savoy  section  (fig.  3).  The  Portland  limestone, 
so  copiously  developed  in  the  Jura,  and  so  rich  in  fossils  at  Soleure, 
has  not  as  yet,  to  my  knowledge,  been  found  in  the  Alps^.  It  is  only 
indeed  by  rossils  (and  unfortunately  they  are  of  rare  occurrence  in  the 
alpine  limestones)  that  the  strata  can  be  actually  referred  to  the  respec- 
tive members  of  the  Jurassic  or  ooUtic  series.  Resting  upon  carbona- 
ceous schists,  which  in  their  turn  overlie  the  so-called  "  Semft  con- 
glomerate "  and  quartzose  talc  slate,  the  upper  part  of  the  lower  divi- 
sion of  the  Jurassic  rocks  of  the  canton  Glarus,  in  parts  dolomitic 
("  Zwischen-bildungen  "  of  Studer),  are  characterized  in  their  upper 
member  by  the  diffusion  of  iron  ore  in  an  oolitic  matrix.  It  is  tnis 
rock  which  contains  the  Ammonites  Gmoerianua  (Sow.),  A.  macrO' 
cephalua  (Schloth.),  A.  ParktMonii  (??),  Ostrea  pectiniformk 
(Schloth.),  O.  calceola  (Groldf.),  and  Terebratula  digona  (Sow.),  &c. 
The  overlying  stage,  or  that  which  immediately  succeeds  to  the 
ferruginous  ooHte  (the  *'  Hoch-Grebirg*8  Kalk*'  of  the  late  M.  Escher), 
as  seen  in  the  cantons  of  Glarus  and  Appenzell,  contains  the  charac- 
teristic forms  Ammonites  hiplex  and  A,  polyplocus,  with  belemnites, 
and  is  therefore  a  good  representative  of  the  Oxfordian  of  the  Alps§. 

*  1872  metres  above  the  sea. 

t  M.  Collon  infonned  me  that  the  AmmomteM  Petit  Thtman  (d'Orb.),  a  lias 
fossil,  had  been  found  in  the  black  limestones  and  schists  which  are  exposed  in 
the  gorge  above  the  little  briilge,  dipping  under  the  mass  oi  the  a4)acent  moun- 
tains. 

X  The  abundance  of  tortoises  and  other  peculiar  fossils  which  characterize  the 
**  Portlandian  **  of  Soleure,  indicate  the  local  eharaeter  of  the  formation,  and  the 
same  may,  indeed,  even  be  said  of  the  Portland  rock  of  En^and. 

§  For  the  description  of  the  lithological  varieties  of  these  Alpine  Jurassic  rocks, 
see  the  Gebirgskunde  of  M.  Arnold  v.  Escher,  included  in  the  general  natural- 
history  account  of  the  Canton  Glarus  by  Professor  Heer  of  Zurich. 
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Cretaceous  System,  eompoaed  of  NeoeamianLimestone9= Lower 
Crreensand;  Gault;  Upper  Greeneand,  and  Inoceramua  Limestone  or 
Chalk, — In  noting  some  features  of  the  Jurassic  or  oolitic  rocks,  as 
traceable  through  the  Alps,  I  have  already  pointed  out  several  natural 
sections  which  show,  that  the  rocks  which  in  the  ascending  order  are 
the  equiyalents  of  our  oolitic  series  are  conformably  surmounted  by 
other  limestones,  the  "Neocomian"  of  foreign  geologists*.     In 
England,  as  I  anticipated  it  would  proTC  to  be,  and  as  we  now  know 
through  the  labours  of  Dr.  Fitton  and  others,  our  lower  greensand, 
if  not  the  exact  equiyalent,  represents  a  large  portion,  at  least,  of  the 
neocomian.     In  the  Alps  this  formation  b  so  linked  on  to  the  alpine 
limestone,  that  before  it  was  distinguished  by  fossils.  Professor  Sedg- 
wick and  myself,  considering  it  simply  the  uppermost  member  of 
the  great  calcareous  mass  of  the  Alps,  referred  it  with  the  geologists 
of  that  day  to  the  upper  oolite.     Our  stratigraphical  yiew  is,  indeed, 
even  now  quite  correct ;  for,  with  a  few  local  exceptions  cited  by  other 
authors,  it  seems  that  in  the  Alps,  as  in  the  Jura,  there  has  been 
a  continuous  series  of  marine  deposits  in  which  no  general  dissever- 
ment  took  place,  until  after  the  completion  of  the  supracreta- 
ceous  nimimulitic  group  (see  figs.  12  and  14  in  subsequent  pages). 
M.  Favre  has,  it  is  true,  endeavoured  recently  to  show,  that  in  the 
Alpine  tracts  around  Mont  Blanc,  the  cretaceous  system  (t.f.  from 
the  neocomian  up  to  the  nummulitic  zone  inclusive)  occurs  in  more 
or  less  horizontal  bands,  which  rest  on  the  convoluted  strata  of  the 
Jurassic  agef.     It  is  not  in  my  power  to  controvert  the  specific 
cases  which  that  geologist  has  cited ;  but  other  evidences  will  pre- 
sently demonstrate,  that  even  in  the  same  region  there  are  many 
proo&  of  the  uninterrupted  and   conformable   succession  I  have 
spoken  of,  and  which  is  so  clearly  seen  in  the  Venetian  Alps.     No 
one  who  has  examined  the  mountains  near  Chambeiy  in  Savoy,  or 
the  flexures  and  contortions  to  which  the  whole  of  the  secondary 
series  has  been  subjected  in  the  little  Cantons  of  Switzerland,  and 
who  has  seen  the  manner  in  which  even  the  supracretaceous  as  well 
as  the  cretaceous  beds  fold  over  and  conform  to  the  convolutions 
of  the  Jurassic  rocks  beneath  them,  could,  I  think,  hesitate  in  adopt- 
ing the  conclusion  at  which  I  have  arrived. 

Not,  however,  to  anticipate  what  I  wish  to  demonstrate  by  evidence, 
I  may  in  the  mean  time  say  a  few  words  on  the  general  structure 
and  characteristic  features  of  the  Alpine  cretaceous  system  properly 
so  called.  Its  lower  member,  the  neocomian  limestone,  is  by  far 
the  thickest  and  most  important  cretaceous  formation.  This  deposit 
has  already  been  adverted  to  in  the  Venetian  Alps  as  a  hard  white 
limestone  with  many  bands  and  geodes  of  flint,  and  numerous  cha- 
racteristic fossils ;  and  it  there  dips  under  the  grey,  red  and  white 
scaglia  or  chalk.     In  the  Austrian  Alps  it  is  the  hippuritic  lime- 

*  See  my  observations  on  the  equivalents  of  the  neocomian  at  the  Meeting  of 
the  French  Geological  Society  at  Bonlogne,  anno  1839  (BuU.  Soc  G^L  Fr.vol.  x. 
p.  392),  and  my  Address  to  the  Geological  Society  of  London,  anno  1843  (Pro- 
ceedings Geol.  Soc.  Lond.  vol.  iv.  p.  112).  I  was  not  aware,  at  that  time,  that 
Captain  Ibbetson  had  expressed  the  same  opinion  at  NeufchateL 

t.See  finlL  G^l.  Soc.  Fr.  vol.  iv.  p.  996. 
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stone  and  marble,  of  grey,  yellowish,  and  occasionally  pink  colours, 
which  at  Untersberg  near  Salzburg,  around  the  valley  of  Gosau,  and 
at  numerous  other  places,  plunges  under  strata  of  impure  limestone, 
marl  and  sandstone,  charged  with  fossils  of  the  gault  and  chalk.  In 
the  western  parts  of  Savoy,  however,  it  is  more  clearly  divisible  into 
three  zones  than  at  the  city  of  Neufchatel  itself,  and  the  diagram  of 
the  Montague  du  Chat  already  given,  explains  the  fact  (see  ^.3). 

In  another  section  west  of  Chambery,  which  I  made  in  company 
with  the  Canon  Chamousset,  the  order  of  the  strata  is  exhibited  in 
this  diagram  (fig.  5).    The  lowest  rocks  visible  are  the  Oxfordian 

E.byS.  TC       e  W.  byN. 

Fig.  5.  ^ 


b 

TerftiarT  i  *•*•  Mtrine  moIaaM. 
wu"!*  \  «|.    Freshwater  limestone  and  conglomente. 

{b»    Upper  Neocomian  {Chamm  amwumia), 
a*.  Middle  Neocomian  (Spatangut  retunu), 
a.    flower  Neocomian  (Ouster  BandM). 
1  ft  9.  Oxfordian  Jura  and  coral  rag  limeatone. 

limestones  and  shale,  and  the  coralline  limestone  before  adverted  to 
(Nos.  1  and  2)  whidi  constitute  the  uppermost  Jurassic  band  of  this 
region.  On  this  re{)Oses  the  lowest  neocomian  (a),  which  is  a  hard 
sihceous  limestone  with  small,  sharp-plaited  Ostreee,  a  small  Terebra- 
tula,  Nerinsea,  &c.  The  middle  neocomian  (a*)  consbts  of  alterna- 
tions of  bluish  ffrey  marly  limestone  and  bands  of  green-ffrained  calc 
grit  and  beds  of  chert,  and  in  this  band  most  of  the  fossiL  occur,  in- 
cluding the  very  characteristic  form  Spatangua  retusus.  Tlie  upper 
division  (b)  is  a  whitish  limestone,  often  in  a  state  of  marble,  wnich 
in  Savoy  contains  both  Hippurites  and  the  Chama  {CaproHna)  am- 
monia  (D'Orb.). 

For  the  most  part,  however,  in  its  prolongation  along  the  flanks  of 
the  Savoy,  and  particularly  in  the  Swiss  Alps,  the  neocomian  is  divi- 
sible into  two  great  subformations  only ;  the  lower  being  dark- 
coloured  and  marked  by  the  GrypJuea  Couloni  (Leym.),  RhynconeUu 
iTerebratula)  depressa  (D'Orb.),  and  Spatangua  retmus  (Lamk.) 
Spatangus-kalk,  Studer),  and  the  upper  being  a  light-coloured  lime- 
stone containing  the  Caprotina  ammonia  (the  Schratten-kalk  of 
Escher),  is  a  sure  and  excellent  horizon  throughout  the  greater  part 
of  the  Alpsf. 

Cretaceous  Oreeneand  or  Gault  of  the  Alps.  {TurrilitenrEtage^ 
Escher.) — ^The  largely  exposed  neocomian  limestone  of  the  Savoy  Alps 
supports,  as  above  statea,  in  various  escarpments,  a  thin  zone  of 
dark-coloured  marly  limestone,  occasionally  freckled  with  grains  of 
chlorite,  and  abounding  in  fossils.  In  a  collection  made  by  my 
guide,  Auguste  Balmat  of  Chamonix,  at  the  Montague  des  Fis,  Pro- 
fessor Pictet  of  Greneva  recognized  Ammonites  cristatus  (De  Luc)  ;  A. 
Hugardianus  (D'Orb.) ;  A.  Mayorianus  (I^Orb.) ;  A.  inflatus  (l^w.) ; 

t  It  is  worthy  of  note,  that  this  upper  band,  as  distinguished  by  the  Oqnrotim 
ammonia^  is  absent  at  Neufchatel,  as  well  as  the  lower  part  of  the  formatiOB. 
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A,  spUndens  ? ;  Hamiies  altematus  (Sow.)  ;  Nautilus,  small  species ; 
Avellana  ineriusaia  (D'Orb.) ;  Inoceramus  sulcatus  (Sow.) ;  Soia- 
riuM  omaium  f  (Sow.) ;  and  a  new  species,  together  with  various 
Echimd€e  (Discatdea,  Galerites  and  Micraster,  Ag.). 

In  laying  these  fossils  before  the  Society  I  also  present  a  certain 
number  from  Sassonet,  near  Bonneville,  and  the  Reposoir,  which  Pro- 
fessor Pictet  kindly  gave  to  me.  The  mere  view  of  these  fossils  will 
convince  £nglish  geologbts  that  the  rock  of  which  I  am  now  speak- 
ing fairly  represents  their  gault  and  upper  greensand*.  A  band  of 
this  age  which  I  shall  indicate  in  other  natural  sections  in  the  Swiss 
and  Bavarian  Alps  containing  some  of  these  characteristic  fossils,  is 
«t  intervals  traceable  far  into  the  recesses  of  the  higher  mountains. 

InoceramuM  Limestone  (Sewer-kalk),  equivalent  of  the  chalk  of 
Northern  Europe, — When  I  visited  the  Savoy  Alps,  it  was  still  to 
be  ascertained  whether  they  contained  any  equivalent  of  the  white 
chalk  of  Northern  Europe,  which  surmounting  the  upper  greensand 
was  there  fairly  intercalated  between  that  formation  and  the  great 
*' Terrain  k  Nummulites."  In  entering  that  renon  last  summer 
I  was  indeed  led  to  believe,  from  the  first  sections  I  observed  around 
Chambery,  that  there  was  Httle  chance  of  meeting  with  so  full  a 
succession  of  all  the  cretaceous  strata  as  would  exhibit  any  equiva- 
lent of  the  white  chalk,  for  there  the  nummulitic  rocks,  as  above 
stated,  repose  at  once,  as  pointed  out  to  me  by  the  Canon  Cha- 
mousset,  on  neocomian  limestone.  Moreover,  in  his  very  last  me- 
moirty  Prof.  Favre  had  described  the  nummuHtic  zone  in  Savoy  as 
independent  of  the  cretaceous  svstem  on  the  one  hand,  and  of  the 
overlying  macigno  or  flysch  on  the  other.  That  eeoloeist  had  doubt- 
less reasons  for  such  an  inference,  in  seeing  that  the  nummulitic 
rocks,  where  he  examined  them,  reposed  in  one  place  on  Jura  lime- 
stone and  at  another  on  neocomian  ;  but  such  reasoning  in  a  region 
which  has  been  subjected  to  many  dislocations,  is  liable  to  be  over- 
turned by  the  discovery  in  an  unbroken  tract  of  the  beds  supposed  to 
be  wanting.  Such,  in  truth,  I  found  to  be  the  case  in  a  very  clear 
natural  section  exposed  at  Thones  in  Savoy,  which  I  examined  in 
company  with  M.  Pillet  of  Chambery  in  a  traverse  from  Annecy  by 
the  valley  of  Thones  and  the  Grand  Bomand  to  the  Col  du  Reposoir, 
and  thence  to  the  valley  of  the  Arve. 

In  entering  the  valley  of  Thones  from  the  west,  I  perceived,  near 

*  The  fossils  given  to  me  by  Prof.  Pictet  from  the  above  localities  and  from  the 
Perte  da  Rhone,  where  the  same  species  occur, — in  all  three  places  usoally  in  a  bed 
of  a  few  feet  thick  only, — are^.  tf|^/tw(Sow.),^.  CandoUiamu  (Pict.),^.  varicotut 
(Sow.),  A,  Mavorianus  (D'Orb.),  A,  LyeUit  (D'Orb.),  A,  monile  (Sow.),  A,  miUe- 
tianui  (D'Orb.),  A,  reguUtrit  (Leym.),  A.  latidortatus  (Michelin),  A,  Hugardianus 

iD'Orb.),  Hamitei  rotundus  (Sow.),  H.  mrgulatui  (Brongn.),  TurrilUet  Bergeri 
Brongn.),  AveUana  mera$iata  (D'Orb.),  Inoeeramut  eoneentrieut  (Sow.),  /.  8ui~ 
eatua  (Sow.^,  CueuUaa  fihro%a  (D'Orb.),  Area^  three  species,  Terebratuia  omi- 
thoetphala  (Sow.),  T,  pUcatitia  (Sow.),  Ceromga  ii^ta  (Ag.),  with  Miera$ier 
and  other  Echinoderms.  See  M.  Pictet's  excellent  work,  **  Description  des  Mol- 
lusqnes  Fossiles  des  gres  verts  des  environs  de  Geneve,"  1**  livr.,  1847. 

t  **  Sur  la  position  relative  des  Alpes  Soisses  occidentales  et  des  Alpes  de  la 
Savoie."— BnlL  de  la  Soc.  G^L  Fr.  vol  iv.  p.  996. 
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Annecy  le  l^eox,  an  ascending  snooession  from  neooomian  to  orer- 
Ijing  nummulitic  rocks  with  Fectens ;  but  the  broken  nature  of  the 
banks  at  this  locality,  and  the  little  time  at  mj  disposal,  prerented 
the  tracing  of  the  intermediate  strata.  On  approaching  tne  village 
of  Thones,  it  was  however  seen,  that  after  several  flexures  the  upper 
strata  of  neocomian  limestone  with  Caprotina  awumonia,  forming  a 
striking  ridge  on  the  north  side  of  the  valley,  and  having  here  a  nordi 
and  south  strike,  plunged  south-east  at  an  an^e  of  55^  to  60°,  throw- 
ing off  on  its  surface  the  other  strata  exhibited  in  this  diagram. 

Rg.  6. 


C      d    €   /    /  g         g 

ft/.  NammnHlr  limcrtoiie.    g.  Fljsdi. 
e.  TraiMitioD  bed. 

d.  InoeenmiM  white  UoMitoiM  or  chalk. 
c,  Gmult  and  greeoMuid. 
•ft  A.  Neocomian  Unwrtonee. 

On  ascending  to  the  little  depression  above  the  surfiuse  of  the  upper 
neocomian  (b),  it  was  evident  that  the  excavation  was  due  to  the  beds 
being  less  coherent  than  the  hard  limestone  {bkd)  above  and  below 
them.  M.  Fillet  and  myself  then  detected  greensand  terebratulie, 
which,  when  combined  with  the  position  and  diaracter  of  the  strata, 
led  me  to  beUeve  that  this  band  of  dark  shale,  impure  limestone,  and 
sandy  green  marbtone  (c)  was  the  representative  of  the  eauH  and 
upper  greensand  usually  exhibited  in  these  Alps.  These  beds  gra- 
duate upwards  into  yellowish  limestone,  which  is  surmounted  by  a 
cream-coloured  compact  limestone  with  flints  weathering  white  (</)» 
in  which  we  found  several  specimens  of  Inocerami,  the  b^-preserved 
of  which  was  the  J.  Cuvieri, 

Here  then  we  had  under  our  feet  a  band  (J)  which  by  position  and 
fossils  must  fairly  stand  for  the  chalk.  In  proceeding  upon  the  dip 
this  limestone  is  seen  gradually  to  change  its  colour  from  white  to 
brown  (e),  and  in  a  short  space,  without  the  sHghtest  break  or  un- 
conformity of  the  strata,  the  overlying  mass  is  charged  with  num- 
muUtes.  The  nummulitic  strata  (/)  becoming  sandier  upwards, 
contain  also  certain  Pectens,  and  these  shelly  beds  are  overlaid  by  a 
zone  of  coralline  concretionary  sandy  limestone,  and  the  latter  by  a 
strong-bedded,  dark  grey,  white-veined  limestone.  This  nummuhtic 
ffroup,  so  intimately  linked  on  to  the  Inoceramus  limestone  (or  chalk) 
m  its  lower  beds,  is  quite  as  intimately  connected  with  the  strata  by 
which  it  b  overlaid,  t.  e,  with  micaceous  sandstones,  marls,  impure 
limestones  and  conglomerates,  which  represent  a  portion  of  the 
"  flysch  of  the  Alps  (^)."  These  flysch  beds  contain  certain  scales 
of  fishes  enumerated  by  Agassiz,  and  some  casts  of  shells.  They  are, 
in  short,  identical  with  the  strata  which  at  the  desert  near  Chambery 
had  been  pointed  out  to  me  as  the  recognized  lower  beds  of  the 
"  flysch"  of  Savoy,  where  they  e<}ually  overlie  and  are  equally  con- 
nected with  bands  of  nummulite  hmestone. 

In  ascending  the  lateral  longitudinal  valley  of  the  Borne,  which 
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extends  eastwards  to  Grand  Bomand,  particularly  between  Thones 
and  St.  Jean  de  Sixt,  you  have  on  the  left  hand  a  ridge  of  neocomian 
and  cretaceous  limestones  overlapped  by  nummulitic  limestone  with 
some  of  the  schist  of  the  flysch,  and  on  the  other  side  of  the  road 
superior  strata  of  the  same  series  with  hard  sandstones  in  which  con- 
glomerates appear.  There  is  no  interval  except  that  which  has  been 
occasioned  by  denudation,  and  all  the  strata  are  conformable  and 
highly  inclined,  dipping  to  the  S.S.E.,  the  angle  of  inclination  de- 
creasing with  the  dustance  from  the  secondary  limestones.  At  La 
Sommerie,  to  the  east  of  Grand  Bomand  and  in  a  deep  depression 
under  the  Montague  de  Four,  a  lignite  has  been  partially  worked, 
of  the  same  age  as  that  of  Entrevemes  near  Aimecy,  which  is  fairly 
intercalated  in  the  nummulitic  group*. 

It  is  therefore  evident,  that  even  in  the  environs  of  Mont  Blanc, 
there  is  a  connected  section,  which  not  only  exhibits  the  whole  suc- 
cession of  the  cretaceous  rocks  properly  so  called,  but  also  their  up- 
ward litholc^cal  transition  into  beds  with  nummulites ;  and  further, 
that  the  latter  are  inseparable  from  the  overlying  flysch.  The  inde- 
pendence, therefore,  suggested  by  M.  Favre  does  not  exist  in  this 
part  of  Savoy  where  the  natural  original  relations  have  not  been 
effisced  by  dislocations. 

Now,  these  nummulitic  and  "  flysch*'  strata,  which  by  much  more 
developed  natural  sections  in  Switzerland,  as  well  as  by  a  consideration 
of  their  fossils,  will  be  proved  to  be  a  natural  group,  distinct  from,  yet 
intimately  and  conformably  linked  on  to  the  cretaceous  system,  are 
copiousW  exhibited  on  the  summits  of  some  of  the  highest  and  least 
accessible  of  the  calcareous  mountains  to  the  north-east,  north,  and 
west  of  Mont  Blanc.  Thus,  rising  to  vast  altitudes,  ihej  cap  the 
Dent  du  Midi  and  Diableretz,  the  former  9849,  the  latter  10,050 
French  feet  above  the  sea.  The  fossils  of  the  summit  of  the  latter 
have  been  louff  known  to  geologists,  and  besides  Nummulites  globu- 
lus  (Leym.),  the  N.  JBiaritzana  (D'Arch.)  or  regularis  (Ruttimeyer), 
are  the  Cerithium  diaboli  (Brongn.),  C.  elegans  (Desh.),  C.  poly- 
meres  (Leym.),  together  with  Ampullaria,  Chemnitziaf  and  the  Me- 
lama  costellata  (I^mk.),  three  of  which  are  undistinguishable  from 
species  of  the  Paris  basin. 

In  his  admirable  description  of  the  rocks  composing  the  summit 
of  the  Diableretz,  M.  Brongniart  not  only  enumerated  nummulites 
and  several  other  fossils,  and  also  indicated  the  intercalation  with 
them  of  a  band  of  combustible  in  the  condition  of  anthracite,  but 
he  further  justly  reasoned  on  the  nature  of  the  sheUs  and  on  the 

*  This  ooal  of  Entrevernes  it  noticed  by  Bakewell,  Travels  in  the  Tarentaise, 
voL  iv.  p.  186,  with  woodcut.  This  author  mentions  Cythereas  and  Cerithia,  but 
does  not  allude  to  Nummulites.  It  was  also  visited  by  the  members  of  the  meet- 
ing of  the  Geological  Society  of  Fhmce  which  assembled  at  Chambcry,  when  MM. 
Chamonsset,  De  Vemenil,  Sismonda  and  Viquenel  are  reported  to  have  found 
tertiary  shells  associated  with  it.  See  Bull.  Soc.  G^I.  Fr.  2nd  series,  vol.  L  p.  214. 
Coal  of  this  age  also  occurs  in  the  summit  of  the  Diableretz  (see  next  page)  and 
at  Pemant  on  the  Arve,  where  it  was  .observed  by  Prof.  Necker  in  both  situations 
associated  with  nummulites.  For  the  latter  position  see  Bibl.  Un.  de  Gen^e, 
torn.  xixiiL  p.  90. 
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whole  of  the  eyidences  as  disposing  him  to  yiew  these  rocks  as 
heing  of  about  the  same  age  as  those  of  the  lower  strata  of  the  Pans 
basin.  He  well  distinguished  the  nummulitic  and  carbonaceous  black 
limestones  from  those  of  the  adjacent  mountains  in  which  Ammo- 
niteSy  Hamites  and  other  second(ary  greensand  fossils  occurred,  and 
was  only  disposed  to  doubt  his  conclusions  by  the  yery  ancient  Utho- 
Ic^cal  aspect  of  the  oyerlying  schists  and  limestones.  Such  was 
the  influence  of  mineral  character  in  those  days  * !  Now,  howeyer, 
that  representatiyes  of  eyery  band  of  the  upper  secondary  or  creta- 
ceous rocks  are  known  to  exist  in  these  Alps  of  Sayoy  and  the  Val- 
lais,  including  eyen  the  equiyalent  of  the  chalk,  we  see  how  sound 
were  the  first  conclusions  of  M.  Brongniart  as  to  the  true  tertiary 
age  of  the  black  nummulitic  limestones  of  the  Diableretz. 

Intending  to  explore  the  relations  of  these  supracretaceous  strata 
in  the  Swiss  Alps,  where  the  labours  of  the  geologists  Studer  and 
Escher  de  Linth  had  already  succeeded  in  deyelopine  to  a  great  ex- 
tent their  order,  I  abandoned  further  researches  on  this  point  in  Sayoy 
and  the  Vallais,  being  satisfied  with  haying  there  detcK^ted  a  key  to 
the  order  of  superposition  which  had  escaped  preyious  obseryers.  I 
further  presumed  that  the  limestone  with  Inocerami,  which  I  had 
there  obseryed  to  be  intercalated  between  the  greensand  and  the 
nnmmulite  rocks  of  Sayoy,  would  proye  to  be  the  same  as  the  Sewer- 
kalk  of  the  Swiss  geologists,  and  ftiture  researches  completely  esta- 
blished this  to  be  the  fact. 

Nummulitic  Rocks  and  Flysch  of  Switzerland  (*'  Macigno  Alpin  "  of 
Studer),  with  their  relations  to  the  subjacent  cretaceous  rocks. 

Haying  touched  upon  the  cretaceous  and  oyerlying  masses  of  the 
Sayoy  Alps,  I  now  proceed  to  describe  in  greater  detail  a  series  of 
sections  specially  illustratiye  of  the  sections  I  made  chiefly  either  in 
the  company  of  Professor  Brunner  of  Berne  or  in  that  of  M.  Escher 
de  linth  of  Zurich,  in  the  cantons  of  Lucerne,  Underwald,  Schwyz, 
Glarus,  Appenzell  and  St.  Gallen.  In  so  doing  I  shall  necessarily 
often  refer  to  the  underlying  cretaceous  rocks.  As  the  general  view 
of  succession  has  been  already  given,  it  is  deemed  more  desirable,  for 
the  better  understanding  of  the  subject,  that  the  whole  series  of  strata 
in  each  tract  which  are  pnysieally  connected  with  the  nummulitic  cone 
should  be  collectiyely  describe^  rather  than  first  enumerate  all  the 
cretaceous  rocks  in  different  districts  and  then  revert  many  times  to 
the  same  place  to  describe  the  supracretaceous  deposits.  Tliis  would 
entirely  frustrate  my  object  of  showing  in  consecutive  sections  the  inti- 

*  "  JHi^tenua  done  tr^  pea  (says  M.  Brongnitrt),  malgr^  la  position  de  la 
roehe  calcaire  qui  renferme  ces  fossiles,  malgr^  sa  compacit^,  sa  couleur  noire,  sa 
stratification  concordant  avec  le  calcaire  anden  qui  est  an  dessous ;  jliMterais 
pen,  dis-je,  a  la  regarder  comme  de  meme  formation  que  le  calcaire  grossier  de 
sediment  sup^rieur,  si  elle  n'^tait  recouverte  par  dcs  roches  qui  offrent  de  nooYetu 
le  caractere  d*homogen^it^  et  de  compacit^  qu'on  attribue  au  calcaire  alpin,"  &c. 
(M^moire  sur  les  Terrains  de  S^iment  sup^rieur,  p.  44.)  These  overlying  blackish, 
siliceous  and  micaceous  sublameUar  impure  limestones,  and  compact  scaly  lime- 
stones with  white  veins,  are  parts  of  the  "  flysch.'' 
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mate  connexion  of  some  rocks  which  must,  I  conceive,  he  considered 
tertiaiT,  with  others  which  are  unquestionably  of  secondary  age. 

And  here  geologists  will  recollect,  that  when  Professor  Sedgwick 
and  myself  wrote  upon  the  Austrian  Alps,  the  structure  of  the  inte- 
rior and  flanks  of  the  Swiss  Alps  had  not  been  illustrated  by  Studer, 
Escher,  and  others.  M.  Studer  had  then,  it  is  true,  published  a 
portion  of  his  excellent  work  on  the  Molasse,  but  his  first  attempt 
at  a  classification  of  the  older  formations*  had  not  appeared.  Good 
even  as  that  effort  then  was,  it  now  requires  much  revision  to  bring 
it  up  to  the  state  of  our  present  knowledge ;  and  so  must  it  ever  be 
in  so  complicated  and  difficult  a  chainf. 

On  attending  the  meeting  of  the  Swiss  naturalists  at  Soleure  (after 
I  had  passed  through  Savoy),  I  was  fortunate  enough  to  hear  a  me- 
moir read  on  NummuUtes  and  other  Foraminifera  by  M.  Ruttimeyer 
of  Berne.  On  a  previous  occasion  Professor  Brunner  had  described 
some  of  these  forms  as  well  as  their  ecological  position^ ;  but  desirous 
that  the  purely  zoological  portion  of  this  labour  should  be  undertaken 
by  a  professed  naturalist,  he  engaged  his  friend  M.  Ruttimeyer  to 
join  lum,  and  the  first  result  was  the  memoir  1  have  alluded  to,  which 
win  be  followed  by  the  publication  of  a  joint  work.  In  pursuing  my 
inquiries  I  induced  Prof.  Brunner  to  accompany  me  in  excursions  into 
parts  of  the  little  cantons  which  he  had  not  explored. 

In  the  Beattenberg  near  Thun  a  band  of  coal  is  associated  with  the 
nommutitic  deposit,  t.  e,  in  the  strata  beneath  the  flysch.  This  coal, 
which  is  now  extensively  used  in  the  manufacture  of  gas  at  Berne,  is 
therefore  precisely  in  the  same  geological  horizon  as  the  coal  of  En- 
trevemes  near  Annecy,  of  Grand  Bomand  in  Savoy,  and  of  the  Dia- 
bleretz.  In  this  respect  there  is  indeed  a  close  analogy  between  the 
northern  and  southern  flanks  of  the  Alps ;  for,  as  will  hereafter  be 
shown,  coal  is  pretty  largely  extracted  mm  the  lower  strata  of  the 
nummulitic  rocks  of  the  Vicentine,  between  Vicenza  and  Recoaro,  and 
at  Monte  Bolca,  in  a  region  where  these  deposits  unquestionably  overUe 
eyerything  cretaceous. 

Tlie  nummuUtic  rocks  of  the  Beattenberg  (/)  at  once  repose 
on  the  neocomian  limestones  (6),  and  are  surmounted  by  flysch  (^), 

*  See  TransactionB  of  the  Geological  Society  of  France,  1834. 

t  No  one  is  more  aware  than  M.  Studer  of  the  necessity  of  frequent  revisions 
and  corrections  of  all  the  older  sketches  or  attempts  to  map  geologically  any  por- 
tion of  the  Alps  before  the  organic  remains  were  developed.  In  reference  to  his 
own  small  map  of  the  region  around  Berne,  he  candidly  explained  to  me»  that 
the  legend  attached  to  it  must  now  be  much  changed. — See  Trans.  GeoL  Soc  Fr. 
vol.  iii.  p.  379. 

X  Sec  Professor  Brunner's  memoir,  •*  Beitrage  zur  Kenntniss  der  Flysch  und 
Nommuliten  Formation/'  Mittheilungen  der  Naturforschenden  Gesellschaft  zu 
Bern,  1847.  In  this  memoir  Professor  Briinner  compares  the  nummulitic  strata 
to  the  north  of  the  lake  of  Thun  with  those  of  the  Diableretz,  the  NummuUiet 
ffhbukti  (Leym.)  being  common  to  both.  In  both  are  species  of  Cerithia,  Chem- 
nttzia,  Ac,  whilst  the  Neritma  Fiteheri  (Briinner)  of  the  Thun  district  is  scarcely 
to  be  distinguished  from  the  N.  Uneolata  (Deshayes)  of  the  Paris  basin. 

M.  Ruttimeyer  has  since  published  an  extract  from  his  work  in  the  Biblioth^ue 
UniTerselle  de  Gen^e. 
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(fig.  7).    In  the  countries,  however,  to  which  Professor  Brunner  and 
myself  extended  our  researches,  we  perceived  the  relations  of  the  de- 
Fig.  7  {by  Professor  BrUnner), 

Habkheren 
Beattenberg.    Tallej. 


MolasM.    Fault. 


posit  to  the  suhjaeent  rocks  to  be  much  more  copious  and  clear  than 
what  he  had  previously  known,  and  more  in  harmony  with  my  section 
at  Thones  in  Savoy.  Finally,  meeting  M.  Escher  de  Linth,  I  found 
that  this  excellent  field-geologist  had  (with  the  exception  of  a  peculiar 
band  of  passage  on  which  I  Ifur  great  stress)  come  to  the  same  con- 
clusion as  myself  concemine  the  true  position  of  the  nummulitic  zone, 
as  being  invariably  above  the  inoceramus  limestone  or  representative 
of  the  chalk. 

The  great  zone  of  limestone,  containing  Nummulites,  Orbitolites 
and  Operculinae,  with  certain  shells,  and  surmounted  by  vast  accu- 
mulations of  **  flysch,"  t.  e.  impure  limestone,  sandstone  and  schist, 
extends  from  the  Beattenberg  and  Habkheren  to  Alpnach,  trending 
parallel  to  the  major  axis  of  the  Swiss  Alps,  viz.  from  W.S.W.  to 
E.N.E.     It  is,  in  fact,  an  elevated  trough  between  the  great  cal- 
careous chains  of  Hofgant,  Seroberg  and  Pilatus  on  the  N-W.,  and 
the  ridges  which  flank  the  lakes  of  Brientz  and  Samen,  the  Stanz- 
hom  forming  the  south-eastern  "  pendant  "to  the  Mount  Pilatus. 
The  depression  occupied  by  the  Alpnach  branch  of  the  Lake  of  the 
four  cantons  has  been  essentially  formed  in  the  softer  schists  or 
marly  shale  and  sandstones  of  the  "  flysch"  deposits,  whilst  the  hard 
calcareous  rocks  on  the  flanks  of  the  trough  constitute  the  Pilatus  on 
the  one  hand  and  the  Stanzhom  on  the  other.     I  do  not  pretend  to 
have  so  examined  Mount  Pilatus  as  to  be  able  to  ffive  a  detailed  de- 
scription of  its  structure  and  relations,     I  ascendea  it  from  Alpnach 
to  the  south  flank  of  the  Thumli-hom,  and  thence  by  a  valley,  leaving 
the  Eck-hom  on  the  right  hand^^  the  summit,  called  the  Elsel,  about 
6000  feet  above  the  sea,  devotiS^the  short  time  at  my  disposal  to 
the  examination  of  the  nummumic  strata  and  the  rocks  on  which 
they  rest.     The  chief  masses  of  the  mountain  are  certainly  composed 
of  upper  neocomian  limestone  (^ith  Caprotifia  ammonia)  \  and  be- 
tween the  Thumli-hom  on  the  one  hand,  and  the  Rustiger-wald  on  the 
other,  I  perceived  a  brownish,  sandy  limestone  which  strongly  con- 
trasted with  the  white  neocomian'  limestones  of  the  flanking  moun- 
tains.   I  saw  no  traces  of  gault,  upper  greensand,  or  inoceramus  lime- 
stone, but  judging  from  the  analogies  on  the  eastern  shore  of  the  lake 
of  Lucerne,  hereafter  to  be  described,  it  is  probable  that  such  may  be 
found  on  one  ci  the  unbroken  shoidders  (if  such  there  be)  of  this 
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remarkablj  bold  and  highly  dislocated  mountain.  From  a  spot  near 
the  Esel  smnmit,  where  I  observed  nummuhtes*,  I  perceived  that 
there  was  an  ascending  section,  with  a  n^id  dip  to  the  S.S.E.,  through 
beds  of  impure  limestone  into  highly  ferruginous  strata,  which  in  parts 
became  a  strikingly  green  calcareous  grit  (in  parts  small  pisohtic),  in 
which  were  casts  of  Pectens  and  other  shells,  similar  to  those  associated 
with  nummuHtes  in  many  other  parts  of  Switzerland.  These  green 
sandstones  and  calc  grits  there  dipped  rapidly  under  a  vast  thickness 
of  schists,  inicaceous  sandstones  and  bastard  limestones;  in  short, 
under  the  "flysch."  It  was  thus  clear  that  the  nummuHtic  and 
flysch  rocks,  though  perfectly  united  and  conformable  vnthin  them- 
selves, and  clearly  forming  one  natural  dividon,  were  at  this  high 
gorge  unconformably  enclosed  between  two  walls  of  the  older  neo- 
comian  limestone,  as  exhibited  in  this  diagram.     In  my  rapid  survey 

Fig.  8. 

Gorge  etmt  of  Mt.  PiUtua. 


g 
g.  Flyach  of  great  tttdoMn. 

{.  Ferniginoiu  greenMod  with  Pectena  (pert  of  the  nummulitk  group). 
,  Neocomiaa  Imieatone  (upper). 

I  did  not  visit  the  adjacent  flanks  of  the  mountain  in  which  a  sequence 
might  be  found ;  and  I  have  only  to  observe,  that  in  the  great  masses 
of  finely  laminated  marly  and  sandy  schists  which  descend  rapidly  on 
the  face  of  the  older  limestones  into  the  lake,  I  found  some  of  the 
same  small  foraminifera  which  MM.  Brunner  and  Ruttimeyer  have 
recognized  in  the  environs  of  Thun. 

On  the  nrhole,  however,  the  nummuhtic  and  flysch  rocks  of  the 
Pilatus  have  the  appearance  of  haying  been  upheaved  in  a  highly 
brokoi  and  elevated  trough,  the  sides  of  which  rest  on  the  edges  of 
the  neocomian  limestone,  which  latter  presents  to  the  north  one  of 
the  finest  mural  precipices  along  the  whole  outer  edge  of  the  Alps,  to 
the  lower  and  undulating  country  of  molasse  and  nagelflue,  which 
here  range  over  the  canton  of  Lucerne. 

The  eastern  end  of  the  lake  of  Alpnach  is  ahnost  barred  in  by  a 
tongue  of  land,  composed  of  subcorneal  and  undulating  hills,  which 

*  The  species  of  nummulite  I  found  in  the  Pilatus  wis  small,  but  it  is  well  known 
that  large  forms  of  this  genus  are  there  also  present  In  reference  to  these 
erganic  remains,  I  ascertained,  when  in  the  company  of  Professor  Briinner,  how 
much  the  spedes  of  Nummulites  and  other  Foraminifera  differ  in  the  same  region 
at  different  localities,  and  yet,  as  will  hereafter  be  seen,  the  very  same  character* 
ittic  species  reappear  at  spots  very  widely  distant  from  each  other. 

p2 
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haying  been  examined  by  M.  Brimner,  proved  to  fonn  a  yery  instruct- 
iye  trough,  as  expressed  in  figs.  9  and  10,  the  lowest  rocks  on  cither 
side  being  the  upper  neocomian  (b),  surmounted  by  the  Sewer-kalk 
(ct)  or  eauiyalent  of  the  inoceramus  limestone,  and  this  hy  a  ba^  of 
nummuhtic  Umestone  and  flysch  (/,  ^)*. 


d  /  d 


g,  Flytch. 

/.  Nummulite  limestone. 
d.  Sewer-kalk  or  chalk. 
&.  Neocomian  (upper). 


The  lowest  of  these  diagrams,  fig.  10,  represents  the  general  rela- 
tions at  the  south-western  end  of  the  promontory,  between  Stansted 
and  Stanz,  where  the  nummuhtic  rocks  are  squeezed  up,  whilst  fig.  9« 
on  the  strike  of  the  same  strata  to  the  W.N.W.,  shows  how  the  basin 
of  nummuhtic  and  flysch  rocks  expands  and  becomes  regular. 

The  Orbitolites,  which  occupy  beds  of  considerable  thickness  in  the 
mountains  of  RalUgstock  and  Beattenberg,  near  Thun,  are  here  con- 
tained in  a  green  calcareous  sandstone  of  a  few  feet  thickness  only, 
whilst  the  Nummulites  nUUecaput  (Boub^),  or  polygyrata  (Desh.), 
is  much  developed,  and  seeming,  according  to  Brunner,  to  replace  in 
this  spot  the  small  N,  rotularis  (Desh.),  or  N.  globulus  (Leym.). 
The  first-mentioned  large  and  striking  species,  which  is  so  extensively 
distributed  over  the  globe,  reappears  m  many  other  tracts  to  the 
north-east,  as  will  be  hereafter  detailedf . 

*  When  M.  Briinner  examined  this  promontory  he  had  not  hid  his  attention 
called  to  the  thin  band  of  secondary  greensand  or  gault  which  we  afterwards  found 
so  usually  intercalated  (as  in  Savoy)  between  the  upper  neocomian  and  the  inoce- 
ramus limestones ;  and  in  a  rapid  examination,  looking  chiefly  to  the  great  relations 
and  general  symmetry  of  the  trough,  a  few  feet  of  greensand  may  he  thinks  have 
escaped  him.  (See  fig.  10.) 

t  In  my  tour  I  necessarily  used  the  specific  names  given  to  the  Nummulites  and 
other  Foraroiuifera  of  the  Swiss  Alps  by  Riittimeyer  and  Brunner ;  but  on  com- 
paring the  forms  I  collected,  M.  D'Archiac,  to  whom  I  referred  them,  identi- 
fies several  of  them  vnth  species  previously  named  and  described  in  France.  That, 
whether  the  following  names,  as  given  in  Italics,  be  finally  adopted  or  not,  their 
equivalents  being  here  mentioned,  no  misunderstanding  can  arise.    The  £ict  which 
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In  following  our  formation  into  the  yalley  which  extends  from  Brun- 
nen  to  Schwyz,  on  the  eastern  shores  of  the  lake  of  Lucerne,  we  found 
that  the  iatermediate  succession  between  the  neocomian  and  the 
flysch  became  much  more  r^ular  and  distinct.  Situated  between 
the  Rigi  (that  grand  accumulation  of  nagelflue  and  molasse)  on  the 
one  side,  and  the  great  masses  of  contorted  secondary  rocks  of  Altorf 
on  the  other,  the  valley  extending  from  Brunnen  to  Sewen  and  Schwyz 
is  another  of  these  troughs,  the  sides  of  which  are  composed  of  the 
secondary  hmestone,  dipping,  on  both  banks  of  the  river,  under  the 
nummuhtic  and  shelly  aeposits.  On  the  northern  side  the  sym- 
metrical order  of  succession  is  very  clear,  as  exhibited  in  this  dia- 
gram (fig.  11).     Commencing  the  ascending  section  on  the  edge  of 

Fjg.  11. 

RelatkmM  qf  Cretaeeoui  and  NummuUtie  rocks  at  Sewen. 
5.E.  N.N.W. 

Dip  W. 


re.  PMttge  beds  obKored. 
*• »   viirM.h  tAmnnAmAs  I  *'•  ScwCT-kalk  (Inocenunus  limestone). 

La.  Lower  Neocomian.  J        " 

the  lake  of  Lowerz  to  the  north  of  Sewen,  the  dark-coloured  lower 
neocomian  limestone  and  shale  (a)  is  overlaid  by  the  light-coloured, 
crystalline,  thick-bedded  upper  neocomian  Hmestone  (6),  in  which 
we  detected  not  only  numerous  sections  of  the  Caprotina  ammonia^ 
but  also  Hippurites  Blumenbachti,  with  corals  and  Echini.  Imme- 
diately above  these  is  a  narrow  depression  (c),  in  which  are  softer 
beds,  the  equivalents  of  the  gault  and  upper  greensand,  with  small 
ammonites  and  other  fossib*. 

The  next  mass  which  succeeds  is  the  Sewen  limestone  of  the  Swiss 
geologists.     This  sewer-kalk  (tf)  thus  resting  on  upper  secondary 

is  of  paramount  importance  is,  that  the  following  species  occur  in  the  south  of 
France,  the  Pyrenees  and  the  Alps,  thus  identifying  the  group : — 

1.  NmmmuUiet  mUkcaputi  Boub^sN.  polygyratus,  Desk, 

2. planotpira,  Boub^«N.  assilinoides,  Rui, 

3. Biaritzana,  D*Archiac=»N.  atacica,  Leym,,  N.  acuta.  Sow.,  and 

N.  regularis,  Rut, 

4. globoea.  Rut.  {y%r,Biaritzana,D*  hmh.)  »  N.  obtusa,/oiy  et  Leym, 

5.  ^——^  rotularis,  Desh.=N.  globulus,  Leym, 

6. placenttUa,  Desh.»N.  intermedia,  If  Arch. 

7.  Uevigata  (Lam.). 

1.  OrbUoUteM  diteut,  RUt. 

2. patethrie,  Briinner. 

3. atellaritf  Briinner  ^Calcarina  stellaria,  lyjrch. 

Operculina  near  to  O.  ammonea,  Leym. 

*  Several  fossils  of  the  greensand  have  been  found  here  by  Studer  and  Escher. 
The  latter  geologist  was  we  belicTe  the  first  to  name  the  overlyins  limestone  Sewer- 
kalk,  and  to  show  how  a  similar  limestone  occupied  a  similar  place  in  the  canton 
of  Appenzell,  and  on  the  lake  of  Wallenstadt. 
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ffreensand,  is  a  whitish  grey  rock,  in  which  Hmestone  of  conchoidAl 
mcture  and  light  colour,  forms  small  and  flattened  concretions  in  a 
light  grey  earthy  hase,  or  rather  the  shale  of  this  colour  wraps  in 
thin  coatings  over  the  calcareous  undulations,  the  whole  sphtting 
into  flagstones  six  to  eight  inches  thick,  and  occasionally  into  much 
stronger  heds.  Like  the  greensand  and  neocomian  limestone  on 
which  it  rests,  this  rock  seems  here  to  be  the  exposed  portion  of  a 
dome,  which,  as  far  as  can  be  seen,  dips  to  the  N.E.,  E.,  S.E.,  and 
S.S.E.  To  the  east  it  is  denuded  along  the  bank  of  the  little  river, 
iSbd  is  extensively  quarried  as  a  building-stone.  We  were  fortunate 
enough  to  discover  (we  believe  for  the  first  time)  Inocerami  in  this 
sewer-kalk,  fragments  of  which  fossils  are  to  be  detected  by  those  who 
will  carefully  look  for  them,  even  from  the  lowest  beds  which  rest  upon 
the  ereensand,  to  the  upper  portion  of  the  quarries.  The  dominant 
imecies  (two  or  three  specimens  of  which  I  brought  home)  seems  to  be 
the  Inoceramus  or  Catillus  Cuvieri,  In  following  these  beds  as  they 
fold  over  to  the  S.S.E.,  and  where  they  descend  into  the  Muotta-tbal 
at  about  25^,  there  is  a  hidden  space  of  about  fifty  paces  only,  in 
which  the  succession  is  not  observed  (e),  but  they  are  tnen  succeeded 
in  perfectly  conformable  apposition  by  beds  (/)  of  sandy  greenish- 
gramecL  hmestone,  abundantly  charged  with  nummuHtes,  chiefly  the 
rfummulina  planospira  or  as$ilinoides,  which  alternate  with  marly 
shale,  which  becomes  sandier  and  more  flag-Uke  upwards,  and  are 
finally  surmounted  by  sandy  marbtone  charged  with  Orbitohtes, 
Pectens,  &c. 

The  broad  valley  watered  by  the  Nieten  and  the  Muotta  streams 
has  evidently  been  excavated  in  the  soft  beds  of  flysch  and  sandstone 
superior  to  the  nummuhte  bands ;  for  after  traversing  to  Ingolboldt, 
on  the  external  slope  of  the  opposite  mountains,  the  first  strata  met 
with  at  that  village,  are  the  very  same  beds  of  sandy  rotten  marlstone 
with  large  Orbitolites,  Pectens,  and  casts  of  other  rossils,  which  there 
occur  in  highly  inclined  strata  dipping  to  the  north,  and  thus  form 
a  portion  of  the  opposite  side  of  a  trough,  as  seen  in  the  general  section 
(fig.  12).  The  flank  of  the  ridges  extending  from  Brunnen  up  the 
left  bank  of  the  Muotta  is  much  obscured  by  woods,  fallen  clifls,  and 
vegetation ;  but  there  are  spots  in  which  portions  of  the  nummulitic 
rock  are  also  seen  to  be  unaerlaid  by  the  sewer-kalk,  greensand,  and 
by  upper  and  lower  neocomian,  the  latter  forming  the  nucleus  of  the 
great  dome-shaped  calcareous  mountain  Morschach,  on  the  east  side 
of  the  Aitorf  branch  of  the  Lake  of  the  four  cantons,  immediately  to 
the  south  of  Brunnen  (fig.  12)*. 

Reserving  for  another  part  of  this  memoir  the  consideration  of  the 
enormous  flexures  and  breaks  to  which  this  whole  series  of  rocks, 
together  with  the  Jurassic  limestones,  have  been  subjected  at  the  upper 
extremity  of  the  Aitorf  lake,  I  would  now  merelyremark,  that  the  wood- 
cuts figs.  11  and  12,  the  one  detailed,  the  other  genertd,  clearly  indi- 
cate that  the  Sewen  limestone  (cf),  with  its  Inocerami,  lying  between 

*  Near  the  spot  called  Gumpisch,  this  lower  •neocomian  dark  limestone  is  loaded 
with  Gryphaa  Couhnif  Rhynconelia  {Terebratulu)  depretta  (D*Orb.),  and  ^- 
ttmgui  retutut. 
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the  upper  greensand  (c)  and  the  numiniilite 
Tockalf),  is  precisely  in  the  same  place  as  the 
inoceramus  limestone  of  Thones  in  Savoj 
hefore  described,  and  that  both  are  clearly  re- 
I  .  presentatiyes  of  the  white  chalk  of  Noruiem 
is     Europe. 

^'l         This  sewer-kalk  rises  up  on  nearly  all  sides 

h  I     of  the  beautiful  yalley  of  Schwyz.    I  refer  to 

1^     it  the  grand  red  and  white  peaks  of  the  My- 

^  ^     then*,  which  oyerlook  the  town  of  Schwyi» 

so  well  known  to  all  loyers  of  the  picturesque. 

These  masses  of  red  and  mottled  grej  and 

white  limestone  strongly  resemble  the  scaglia 

or  ItaUan  equiyalent  of  the  chalk,  and  haye 

S4  .  no  sort  of  resemblance  to  any  other  known 

IM  limestone  in  the  Swiss  Alps.     They  also 

I  •  ^1 8  clearly  oyerhe  all  the  older  Umestones,  ju- 

|||  rassic  and  neocomian;  I  therefore  unhesi- 

li^  tatingly  refer  them  to  the  white  chalk ;  and 

1  Id  ^^®  more  so  because  they  are  linked  on  to 
.^  c-«  ^^  superior  nummulitic  and  flysch  forma- 
tions. On  the  northern  flank  of  the  smaller 
peak,  in  ascending  to  the  Hacken  pass,  we 
crossed  oyer  masses  of  schist  and  impure 
limestone  with  white  yeins,  which  formed  the 
external  enyelope  of  the  slope,  and  next  oyer 

I     sreen-gramed  adciferous  gnts  with  NumtnU" 
t     utes  planospira,  N,  rotularis,  N.  Biaritza- 
'A     na,  and  Orbitolites  discus ;  the  thick  shells 
I     of  the  latter  resembling  Httle  layers  of  calc- 
•gl     spar;  but  we  also  detected  a  specimen  of 
^^     Inoceramus  in  the  fragments  of  limestone 
^^     which  had  fallen  from  the  cliffs.     The  up- 
heayal,  howeyer,  of  the  Mythen  has  been  ac- 
companied by  so  much  dislocation  around  it, 
and  such  enormous  subsidences  haye  taken 
place  on  the  taluses,  that  no  regularity  of 
succession  can  be  detected;  nor  could  the 
aboye  order  be  stated  if  the  adjacent  rocks 
when  in  their  normal  positions  (as  before 
^       cited  in  fig.  1 1)  had  not  afforded  us  a  true 

tS>       key  to  the  structure  of  the  tract.     There 
is,  in  fact,  just  the  same  appearance  of  a 
«        general  inyersion  of  the  formations  on  the 

%  *  We  passed  the  Mythen  on  the  north  by  the 

2  Hacken  pass  in  our  route  to  Einsiedeln  and  returned 
i        by  Brunnen  and  the  Holzeck  pass.    The  latter  is 

the  grandest  scene,  and  is  the  point  from  whence 
the  summit  is  alone  accessible. 
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eastern  shore  of  the  lake  of  Lowerz,  as  on  its  western  banks.  The 
great  accumulations  of  nagelflue  and  molasse  of  the  Rossberg  in 
the  one  case,  like  those  of  the  Rigi  on  the  other,  instead  of  dipping 
away  from  the  Alpine  centre,  plunge  towards  it ;  the  younger  ter- 
tiary rocks  seeming  to  be  the  oldest  by  their  order  of  superposition ; 
whilst  the  nummuTitic  and  flysch  formation  is  broken  and  squeezed 
up  against  the  cretaceous  rocks  of  the  My  then.  In  stating  my 
belief  that  the  summits  of  the  Mythen  are  of  the  age  of  the  chalk, 
I  would  not,  however,  infer  that  the  lower  part  of  the  mountain  is 
also  of  this  age  ;  for  at  the  eastern  face,  when  examined  from  Brun- 
nen,  in  the  valley  leading  to  Einsiedeln,  it  presents  a  ereat  succes- 
sion of  underlying  massive  terraces,  the  lowest  of  whicn  are  highly 
altered,  siUceous  rauchwacke  hmestone,  with  partial  dolomitic  veins 
not  unlike  the  "  cargneule  "  of  Savoy.  In  the  vertical  faces  of  the 
hmestone  beneath  the  red  peaks,  the  lines  of  stratification  are  ob- 
scurely perceptible,  seeming  to  pass  to  the  S.S.W. ;  whibt  the  whole 
is  traversed  by  highly  inclined  joints  resembling  a  rude  cleavage,  the 
planes  of  which  plunge  70°  to  the  N.N.W.  As  this  mountain  is  to 
a  great  extent  inaccessible,  and  as  the  lower  portions  of  it  seem  to 
have  undergone  great  modification,  it  is  one  of  the  countless  examples 
which  the  Alps  offer,  of  the  difficulty  of  defining  with  precision  the 
downward  Umits  of  formations. 

Nummulite  and  Flysch  Rocks  of  the  Environs  of  Einsiedeln. 

Vast  masses  of  flysch*  He  between  the  Mythen  and  the  valley  of 
Einsiedeln ;  and  to  the  west  and  south  of  that  town,  terraces  of 
nummuUtic  Hmestone  rise  out  from  beneath  the  chief  masses  of  such 
flysch,  and  are  seen,  at  the  same  time,  to  be  strictly  united  with 
them. 

I  have  already  stated  that  in  Savo^,  the  only  passage  from  the 
chalk  upwards  with  which  I  am  acquamted,  shows  a  gradual  change 
in  the  colour  and  texture  of  the  rocks  from  the  white  Hmestone  with 
inocerami  into  the  brown  sandy  nummuHtic  rock  ;  there  being  there, 
as  far  as  I  could  see,  but  one  band  charged  with  nummuHtes.  Again, 
in  the  section  near  Sewen,  as  we  have  seen,  there  is  an  apparent  passage 
between  the  uppermost  beds  of  the  inoceramus  rock  and  the  nummu- 
Htic strata  above  them. 

In  the  environs  of  Einsiedeln,  however,  the  thickness  of  the  lower 
portion  of  the  nummulitic  group  increases,  and  in  subsequent  pages 
it  will  be  shown  how  such  development  becomes  still  more  striking 
in  the  canton  of  Appenzell,  and  in  the  Bavarian  Alps. 

The  Schwendberg  to  the  west  of  Einsiedeln  consists  of  several  but- 
tresses of  hard  brownbh  nummuHtic  Hmestone  dipping  south  (fig.  13). 

*  I  need  not  repeat  the  miaeral  description  of  the  flysch,  except  where  it  oflTen 
some  new  features.  The  generic  word  applies  to  the  group  associated  with  and 
overljring  the  nummulitic  rocks,  which  is  chiefly  composed  of  thin-bedded,  impure, 
dark  grey  limestone  with  white  veins,  schists,  both  argillaceous  and  calcareous, 
marls,  micaceous  sandstones,  sometimes  green-grained,  but  more  frequently  di- 
versified by  small  black  grains,  with  fucoids  and  a  few  casts  of  shells  and  fishes* 
teeth  in  its  lower  parts. 
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In  the  lower  mass,  composed  of  a  greenish  limestone  (/0>  nothing 
but  nummnlites  are  visible,  chiefly  me  N.  milleeaput  (Boub^)  ;  then 
come  greyish  blue  bands  (/*)  wim  other  species  of  nummulites ;  next 
a  considerable  thickness  of  marls,  sands,  &c.  (flysch),  surmounted  by 
strong  reddish  and  greyish  nummulitic  limestones  (/^).  In  short, 
from  the  bottom  to  the  top  of  the  nummulitic  portion  of  the  series, 
there  were  intercalations  of  strata  having  all  the  characters  of  flysch. 
The  great  overlying  mass  (^),  however,  has  been  alone  styled  such  by 
Swiss  geologists,  and  it  here  spreads  in  vast  thickness  over  the  adja- 
cent mountains. 

N.N.W.  Fig.  13.  8.S.E. 


Fault.         (/I)         (/2) 
m.  Upper  molaaae  and  nagcUiie. 

Eocene     S8'  ^ly»cl»« 

^^^^*    \f,  NammttHte  Umestone  alternating  with  flysch. 

In  ascending  the  little  valley  of  the  Sihl  from  Einsiedeln  the  same 
relations  of  ridges  of  nummuHtic  limestones  and  flysch  are  still  more 
clearly  exposed  to  the  east  and  west  of  the  vUlage  of  Gros,  where  they 
have  also  a  dip  S.S.E.  The  Sattel  mountam  on  the  east  side  of  this 
valley  exposes  on  its  flanks  three  or  four  prominent  bands  of  the  num- 
mulitic rock,  all  dipping  to  the  S.S.E.,  separated  from  each  other  as 
well  as  overlaid  by  considerable  thicknesses  of  flysch  (t.  e.  of  sand- 
stone, limestone,  shale,  and  schist). 

The  lower  nummulitic  hmestones  visible  are  dark  erey,  reddish, 
and  greenish  grained,  in  which  occur  the  large  echinidae  of  Kressenberg, 
together  with  ostrese,  small  nummuUtes,  and  large  orbitoUtes.  Then 
intervenes  a  great  mass  of  shale  and  sandstone,  followed  by  a  second 
nummuUtic  Umestone  and  another  zone  of  flysch,  and  that  again  by 
a  third  nummulitic  limestone.  In  this  last-mentioned  mass  I  was 
much  struck  with  the  strong  coincidences  between  some  of  the  coarser 
nummulitic  limestones  and  the  Umestone  of  the  so-called  "  flysch  " 
of  many  parts  of  the  Alps.  They  were,  in  fact,  precisely  the  same 
thin-beaded,  dark  grey,  sandy  Hmestones  with  white  veins,  and  occa- 
sionally with  so  many  grains  of  green  earth  as  to  become  a  green  cal- 
careous grit ;  the  only  difference  being  that  the  flysch  was  void  of  the 
nummulites  and  fossils  which  distinguish  the  otner.  These  strata, 
covered  by  thick  beds  of  grey  Umestone,  pass  upwards  through  shale 
into  fine  micaceous  flagey  grey  sandstone,  and  thence  up  into  the 
great  series  of  the  so-ci3led  "  flysch."  A  similar  intercidation  and 
association  is  indeed  quite  as  instructively  seen  just  above  the  village 
of  Gros  on  the  west  side  of  the  valley. 

The  chief  fossils  of  the  nummuUtic  bands  of  this  district  are  the 
Nummulites  planospira  (Boub.)  or  assilinoides  (Riitt.) ;  N.  mille- 
caput  or  polygyrata  (Desh.)  ;  N,  Biaritzana  (D' Arch.)  or  regularis 
(Riitt.) ;  Operculina,  apparently  a  large  new  species ;  OrbitoUtes 
discus,  and  O.  parmula ;  Pectens,  large  Ostrese,  and  some  few  uni- 
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Talves,  and  occasionally  the  large  Conoclypus  conoideus  and  other 
Echinoderms  that  characterise  the  deposits  of  Sonthofen,  Kressenbei^ 
and  other  places  in  Bavaria  and  Austria. 

All  the  dips  of  the  rock-masses  in  this  tract  are  inverted  ;  for  the 
molasse  and  nagelflue  of  Einsiedeln  heing  the  eastern  prolongation  of 
the  Rigi  and  Kossher^  equally  plunge  S.S.E.,  and  seem  ahsolutelj 
to  he  overlaid  hy  its  older  neighbour  the  nummuUte  limestone  and 
'*  flysch ;"  the  latter  formation  being  in  its  turn  so  thrown  over  that 
its  younger  member  lies  against  or  dips  under  the  secondary  rocks. 
In  ^is  manner  the  oldest  portion  of  the  nummulitic  group  is  in  con- 
tact with  the  tertiary  conglomerates  (fig.  13),  which  I  shall  hereafter 
prove  are  the  upper  part  of  a  great  series  containing  some  marine 
shells  of  existing  species ! 

Nummulitic  Rocks  and  Fish  Slates  of  Glarus. — Nummulitic  lime- 
stones reappear  in  broken  troughs  at  various  other  points  throughout 
the  Uttle  canton  of  Schwyz  ;  but  in  following  them  into  the  canton 
Glarus,  the  associated  strata,  or  rather  the  beds  immediately  over- 
ling the  zone  characterized  by  nimimulites,  presents  a  striking  zoo- 
logiod  feature.  The  bands  of  flysch  above  tne  nummuUtes,  indeed, 
as  in  many  other  places,  contain  fishes'  scales  and  teeth,  particularly 
certain  dark  schists  and  marls  of  Savoy  and  various  parts  of  Switzer- 
land. In  Glarus,  however,  and  notably  near  Engi  in  the  valley  of  the 
Semft,  where  these  black  beds  have  undergone  much  induration, 
they  are  largely  quarried  under  the  name  of  Glarus  slates,  and 
are  well  known  to  collectors  for  the  numerous  fossil  fishes  they 
contain.  On  visiting  the  quarries  I  found  them  totally  void  of  any 
slaty  cleavage ;  the  so-called  slates  being  true  calcareous  flagstones 
with  a  few  dii^nal  veins  of  white  calc  spar.  They  dip  away  30® 
and  40^  E.S.E.  from  the  face  of  the  ridge  of  the  most  ancient  rock 
of  this  tract,  usually  called  the  Semfl  conglomerate.  At  the  spot  on 
the  west  side  of  the  valley,  where  the  fish  beds  are  quarried,  there 
is  no  visible  relation  to  any  nummuUtic  rock ;  but  the  same  calcareous 
flagstones  with  white  veins,  and  which  are  clearly  one  of  the  nume- 
rous varieties  of  "  flysch,"  can  be  followed  up  the  valley  of  the  Semft 
to  heights  of  1000  feet  and  more  above  the  water-course  ;  and  to  the 
east  of  Elm  they  are  associated  with  and  overUe  strong  bands  of 
nummulitic  limestone.  This  position  was  clearly  seen  by  M.  Escher 
and  myself  as  we  ascended  from  Elm  to  the  high  pass  of  Martin' s- 
loch.  In  treating  of  some  of  the  contortions,  inversions,  and  breaks  of 
the  Alps,  I  shall  have  occasion  hereafter  to  return  to  the  considera- 
tion of^  this  very  remarkable  tract ;  but  whether  the  strata  be  there 
overthrown  "  en  masse  "  or  not,  has  nothing  to  do  with  the  present 
question  ;  for  the  calcareous  flagstones  identical  with  the  fish  beds 
quarried  as  Glarus  slates,  and  which  are  in  truth  a  direct  prolonga- 
tion of  them,  are  fairly  dovetailed  between  two  courses  of  nummulite 
limestone,  in  the  lowest  of  which  I  perceived  the  large  NummuUtes 
millecaput,  and  in  the  other  a  ereenish-grained  deep-coloured  sili- 
ceous limestone  with  another  and  smaller  nummulite,  both  of  which 
occur  in  numerous  places  in  association  with  all  the  other  fossils  of 
the  group  and  regularly  overlying  the  cretaceous  rocks. 
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These  Glams  slates  were  formerly  considered,  from  their  mineral 
character,  to  be  of  high  antiquity,  and  great  was  the  surprise  of  most 
geologists  when  in  the  work  of  Agassiz  the  species  of  fishes  contained 
in  them  were  classed  with  so  new  a  formation  as  the  chalk.  I  now  go 
farther,  and  assert  that,  by  geological  position  and  association  with 
the  nommulitic  strata,  they  are  certainly  eocene,  and  possibly  not  of 
older  date  than  the  lowest  portion  of  the  London  clay.  Nor  is  there 
any  cTidence  in  the  characters  of  the  ichthyolites  of  Glarus  to  con- 
travene this  inference,  but  on  the  contrary  much  to  sustain  it.  The 
Palseorhynchum,,  Acanus,  Podocys,  &c.,  are,  it  is  true,  extinct  genera, 
hut  they  are  also  peculiar  and  unknown  in  any  cretaceous  deposits ; 
whilst  the  Fistularia,  Vomer,  Osmerus,  and  Clupaea*  have  not  only 
never  been  found  in  any  secondary  rock,  but  are  absolutely  living 
g^aera.  Even  then,  if  we  had  no  geological  or  stratigraphical  evidence, 
one  might  be  fairly  led,  by  the  identifications  of  Agassiz  alone,  to 
conclude  that  a  formation  including  smelts  and  herrings  (there  being 
three  species  of  the  latter)  was  of  tertiary  age,  by  the  approach  of 
its  fauna  to  the  present  order  of  things.  The  paleeontmogical  in- 
ference is  further  sustained  by  these  slates  or  flagstones  containing 
the  bird  Protomis  Glariensis,  Herman  v.  Meyer,  and  the  tortoise 
Chelonia  Knorrii,  Her.  v.  Meyer. 

In  fact  there  need  be  no  more  difficulty  in  viewing  these  fish  beds 
of  Glarus  as  tertiary,  than  the  black  carbonaceous  hard  limestones 
and  schists  and  flysch  of  the  Diableretz. 

Nummulite  and  Flysch  Rocks  in  the  Orisons. — ^M.  Studer  has 
shown  that  large  portions  of  flysch  in  the  Orisons  have  been  converted 
into  a  crystalline  gneissose  rock ;  but  I  would  now  state,  that  whatever 
be  their  irregulanties  of  position  in  the  interior  of  that  canton,  and 
to  whatever  metamorphisms  they  may  there  have  been  siilgected, 
they  unfold  themselves  with  symmetiy  and  regularity  in  their  nor- 
mal order  between  the  valley  of  the  Rhine  and  the  baths  of  Pfeflers. 
In  the  gorge  of  the  Tamina,  to  the  south  of  these  baths,  a  clear  suc- 
cession is  seen  through  Oxfordian,  Neocomian,  and  upper  cretaceous 
rocks,  which  latter  pass  under  nummulite  rocks ;  the  baths  being 
situated  in  vast  masses  of  flysch  interlaminated  with  nimimulites,  as 
seen  in  a  section  which  I  made  in  company  with  M.  Escher.  Here 
again  many  of  the  black  flags  are  absolutely  identical  in  mineral 
characters  with  the  so-called  slates  of  Glarus,  and  although  no  entire 
ichthyolites  have  been  discovered  in  them,  they  contain  the  teeth 
of  fishes. 

Sections  of  the  Cretaceous  and  Nummulitic  Systems  on  the  north 
side  of  the  Lake  of  Wallenstadt,  and  in  the  Hoher  Sentis  of  Appen- 
zelL — Whilst  the  section  of  the  Tamina  and  the  baths  of  Pfeflers  show 
the  ascending  order  from  the  cretaceous  rocks  up  into  the  nummulitic 
limestone  and  flysch,'by  far  the  largest  and  clearest  exhibitions  of  the 
whole  succession  in  Switzerland  are  displayed  on  the  plateaus  on  the 
north  bank  of  the  lake  of  Wallenstadtf,  and  in  the  environs  of  the 

*  Sec  Agassiz,  Poissons  Fossiles,  General  Table,  torn.  i.  p.  xxxiii,  where  forty- 
two  species  of  fishes  are  named, 
t  When  in  the  Tyrol  with  M.  von  Bach  in  the  previous  autumn,  he  assured  me 
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still  loftier  Hoher  Sends  and  the  high  tracts 
of  Appenzell ;  a  district  which  is  rendered 
classical  in  geology  by  the  recent  labours  of 
^     M.  Arnold  Escher  de  Linth.    We  have  there 
•J     not  only  that  series  which  has  been  already 
^    ^     so  much  dwelt  upon,  irom  a  low  horizon  in 
I    'f  .  the  Jura  limestones  through  the  neocomian 
I    c  I  to  the  cretaceous  series  including  the  inoce- 
6    '^  1  ramus  limestone,  but  also  a  very  complete 
g^^^'l  exhibition  of  nummulite  rock  and  flysch. 
'5'?*»  8  Seeiuff  that  M.  Escher  had  so  fuUy  made 
^  himself  master  of  all  the  dislocations  as  well 
as  all  the  regular  successions  both  of  the 
plateau  of  Wildhaus  and  of  the  Hoher  Sentis, 
I  could  only  pretend  to  offer  one,  1  trust  not 
unimportant  addition  to  his  valuable  contri> 
butions,  by  bringing  to  his  notice  a  band 
between  the  inoceramus  and  nummuUte  lime- 
stones, which  I  consider  to  be  of  value  in  de- 
monstrating a  lithological  transition  from  the 
cretaceous  system,  properly  so  defined,  to  that 
which  overhes  it.    I  also  urged  him  to  adopt 
my  method  of  classifying  the  nummuUtic  and 
1 1  flysch  rocks  as  lower  tertiary,  and  no  longer 
.  I  i  i  ^  include  them  in  the  cretaceous  series*. 

'^  122       In  travelling  from  Mells  near  Sargans  to 

^  lis  Wallenstadt  and  Wesen,  a  dear  ascending 

j^  5*5  order  of   the  strata  is  visible,   from   the 

■<> »  "Semft"  conglomerate  (the  most  ancient 
I      rock  of  the  region)  at  Mells  (fig.  14).    This 

§       by  reference  to  his  well-filled  note-book,  that  this 
E       would  be  found  the  grandest  and  clearest  of  all  the 
"^       Swiss  sections  in  explaining  the  true  overlying  rela- 
tions of  the  flysch  and  nummolites  to  the  cretaceous 
rocks. 

*  In  the  tabular  view  of  his  memoir  entitled  'Ge- 
birgskunde/  appended  to  the  description  of  the  can- 
ton Glams  by  Professor  Heer,  M.  Escher  gives  the  fol- 
y  lowing  names  in  ascending  order  of  all  the  strata  of  the 

^     ^  i  **  Kreide-bUdungen":— 1.  Spatangus  kalk  (Studer) 

^1  I  or  Lower  Neocomian.    2.  Schratten  kalk  or  Upper 

h^  I  Neocomian.  3.  Turriliten-Etage  or  Gault.  4.  Sewer- 

^  kalk  or  chalk.    5.  Nummuliten  Etage.    6.  Flysdi 
J  and  Dachschiefer  von  Plattenberg. 
^1      t  Although  this  diagram,    from  the  pencil  of 
S|^  I  M.  Escher,  exhibits  a  thin  course  of  it  only,  the  zone 
SH  Z  of  gault  or  upper  greensand  exists  in  full  force  around 
^v;  the  Sentis.    In  the  valley  of  the  Rhine,  and  extend- 
^^  ing  to  Eichberg,  it  appears  in  insulated  hummocks 
«    charged  with  Turrilites,  Inocenmnu  tukatut  and 
I    other  fossils,  which  with  many  forms  gathered  from 
u    the  different  overlying  rocks  around  the  Hoher  Sentis, 
Prof.  Briinner  and  myself  examined  in  the  rich  mu- 
seum of  the  Rev.  Mr.  Rechsteiner  of  Eichberg. 
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conglomerate  (1),  which  is  in  parts  a  purple  and  green  spotted  glossy 
schist,  in  parts  a  millstone  grit,  passing  into  a  conglomerate  with 
pebbles  of  white  quartz  in  a  tfdcose  base,  dips  to  the  north  and  passes 
under  the  Umestones  which  form  the  great  escarpment  of  the  chain 
called  "  Kurfursten.*'  In  that  escarpment  the  Lower  Jura  and  Ox- 
fordian  formations  (2,  3,  4)  are  surmounted  by  the  three  members 
before  cited  of  the  cretaceous  system,  viz.  neocomian  with  its  two 
divisions  (a  and  6),  gault  or  upper  greensand  (c)  and  inoceramus 
limestone  (sewer-kalk)  (tf).  The  same  overlying  succession  is  seen 
on  the  northern  shore  of  the  lake  of  Wallenstadt,  the  mountains  in 
which  are  a  western  prolongation  of  the  Kurforsten.  Above  all  this 
and  to  the  north  is  the  upland  depression  or  trough  of  Wildhaus,  in 
which  the  inoceramus  limestone  (d)  is  covered  by  nummulite  lime- 
stone and  flysch  (/and  g).  The  latter  deposits  nse  up  to  the  north 
of  Wildhaus  in  a  basin-shape  with  a  reversed  or  southern  dip,  and 
then  equally  repose  on  inoceramus  limestone,  which  is  succeeaed  by 
the  gault  and  neocomian  limestone  (a  and  b),  the  latter  culminating 
in  the  chief  summits  of  the  Hoher  Seutis.  That  mountain  group, 
the  highest  points  of  which  are  near  8000  EngUsh  feet  above  the  sea, 
and  which  forms  by  far  the  most  remarkable  promontory  along  the 
whole  outer  zone  of  the  Alps,  is  highly  instructive  in  the  full  deve- 
lopment of  all  the  cretaceous  rocks  £om  the  lower  neocomian  to  the 
inoceramus  Kmestone,  as  seen  in  the  Alte  Mann  as  well  as  in  the  other 
chief  summits. 

I  shall  hereafter  advert  to  its  escarpments  when  speaking  of  the 
great  flexures  and  fractures  of  the  chain,  where  the  tertiary  nagelflue 
18  apparently  brought  under  the  masses  of  secondary  Hmestone.  I 
will  now  briefly  state,  that  on  the  north  flank  of  the  Kamor,  a  north- 
eastern promontory  of  this  group,  and  again  on  the  Fahnem  moun- 
tain beyond  it,  there  are  natural  sections  which  exhibit  the  supracre- 
taceous  succession  (see  fig.  15).  The  last  boss  of  the  sewer-kalk  of  the 

Fig.  1.5. 

N.W.  F&hnern.  S.E. 


Eggentand. 


d      e         /    g      / 
g.  Flyach,  with  fiiooidi. 
/,/,/.  Nummulite  limestone. 

e.  Transitioii  bed  with  Oryphma  veticulariM, 
d»  Inocenunus  limestone. 

Hoher  Sentis,  prolonged  in  a  low  ridge  to  the  N.E.  of  Weissbad, 
constitutes  a  scarp  immediately  overhanging  the  httle  hamlet  of  Eg- 
gerstand,  where,  m  the  form  of  thin-bedded  white  scasUa,  it  plunges 
rapidly  to  the  S.E.,  and  is  immediately  covered  by  slightly  micaceous 
shale  and  bluish  grey  impure  hmestone  with  white  veins.  This  rock, 
which  already  resembles  a  variety  of  "  flysch,"  passes  up  into  a  sort 
of  sandy  marlstone  with  some  green  grains  associated  witn  a  dark  in- 
digo-coloured schist,  in  which  occurs  the  same  species  of  Gryphaea,  G, 
vesicularis,  to  which  I  shall  subsequently  call  attention  in  aescribing 
the  sections  at  Sonthofen  in  Bavana,  where  it  occupies  a  like  place. 
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TUb  next  bed  (^  is  a  green  calc-grit  charged  with  nnmmnlites  and 
orbitolites.  So  ^ur  all  is  clearly  seen  on  the  sides  of  the  broken 
ravines  descending  near  Eggerstand.  In  ascending  the  Fahnem,  or 
rather  in  coasting  its  western  face  obUquely  towards  its  summit  fix)En 
the  ravines  above-mentioned,  you  next  pass  over  a  considerable  thick- 
ness of  schists  and  sandstone  or  flysch,  and  then  reach  another  and  the 
chief  band  of  nummuhte  limestone  which  ranges  along  to  Schwarzen 
Eck.  This  is  a  very  green-grained,  sandy  Umestone,  which  when 
bruised  by  the  hammer  is  rendered  grass-green,  and  contains  Num- 
mulites  globulus^  N,  globoaa  and  N,  milUcaput,  Boub^  together 
with  Orbitohtes  and  several  forms  of  Pecten  and  the  usual  fo^ils  of 
the  group. 

The  inclination  of  the  strata  gradually  decreasing  as  the  axis  of 
disturbance  is  receded  from,  the  nummuUte  bands  graduate  upwards 
into  other  beds  of  flysch  in  which  no  animal  forms  are  visible,  and 
finally  towards  the  summit  of  the  hill  into  finelv  laminated,  light- 
coloured  calcareous  flagstone,  on  the  laminae  of  which  are  numerous 
impressions  of  fiicoids  of  at  least  three  species,  viz.  F.  Targumi,  F. 
intricatus,  and  a  new  species  with  broad  fronds,  described  by  Prof. 
Brunner  as  F.  Helveticus*, 

In  relation,  to  these  fucoids,  I  may  here  observe  once  for  aU,  that 
throughout  the  Savoy  and  Swiss  Alps,  and  indeed  I  now  believe  gene- 
rally all  along  the  northern  &oe  of  the  chain,  they  occur  in  a  zone 
superior  to  the  chief  masses  of  nummulitic  limestone.  The  beds  in 
which  they  occur  are,  however,  so  Unked  on  to  the  inferior  members 
of  the  group  in  numerous  natural  sections,  (there  being  no  instances 
of  dislocations  or  unconformity  between  the  one  and  uie  other  with 
which  I  am  acquainted,  except  on  lines  of  fault,)  that  I  necessarily 
consider  them  to  form  one  natural  group  with  the  nummulitic  rocks 
on  which  they  repose.  In  treating  of  the  flexures  and  breaks  of  the 
calcareous  mountains  of  the  Alps,  I  will  hereafter  produce  a  series  of 
transverse  sections  across  the  group  of  the  Hoher  Sentis,  as  prepared 
by  M.  Escher  von  der  Linth,  wnich  in  exhibiting  the  wonderful 
contortions  to  which  these  masses  have  been  subjected  will  also  clearly 
indicate  the  order  of  the  strata  (see  PI.  VII.). 

Nummulitic  Rocks  and  Flysch  of  the  Foralberg  and  AUgau, — 
Having  traced  these  rocks  to  the  north-eastern  extremity  of  Switzer- 
land, It  became  highly  expedient  to  traverse  the  valley  of  the  Rhine 
above  Bregenz  and  connect  them  with  similar  strata,  which  Prof.  Sedg- 
wick and  myself  had  described  many  years  ago.  In  fact,  I  could  not 
acquire  the  knowled^  of  the  Savoy  and  Swiss  succession  which  has 
now  been  detailed,  without  seeing  clearly  that  our  former  classification 
of  the  nummulitic  rocks  and  flysch  of  Dombim  in  the  Voralbei^  and 
of  Sonthofen  in  Bavaria,  and  of  various  places  in  Austria,  with  the 
cretaceous  system  and  greensand,  must  be  changed. 

The  nummuhte  beds  near  Dombim  on  the  right  bank  of  the  Bhine 
have  here  been  correctly  described  as  apparently  dipping  southwards 

*  Professor  Brunner  has  also  shown  that  the  Fucus  Brianteut  (Villa)  of  the 
Brian^on  on  the  flanks  of  the  Milanese  Alps  is  identical  with  a  species  found  in 
the  Qumigel  sandstone  or  flysch  near  Berne. 
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under  the  great  calcareous  masses  of  the  Stauffen'".  On  visiting  this 
spot  with  Prof.  Brunner  I  found  dark  greyish,  white-veined  limestone 
with  schist  or  shale  in  the  mass  now  visible  in  situ,  which,  if  the  fossils 
were  omitted,  would  be  *'  flysch,"  surmounted  by  other  bands  of 
schist  or  shale  and  sandy  green-grained  limestone  passing  into  a  grev 
rock,  and  again  shale  and  schist  with  thin  stone  bands  of  '<  flysch. 
In  Uie  lower  limestone  were  small-ribbed  Pectens,  large  Ostrese, 
Terebratuke,  Echini,  and  many  Nummulites.  The  higher  portion  of 
the  upper  band  is  characterized  by  Orbitolites  discus  and  the  Num- 
wudites  globosa.  In  the  lower  mass  is  the  highly  ferriferous  band 
formerly  worked  for  iron,  which  is  a  perfect  congeries  of  the  Num- 
wtMlina  planospira  or  assilinoides  and  N.placentula  (Desh.).  These 
fossils  are  precisely  those  of  the  Fahnem  mountain  on  the  opposite 
hank  of  the  Rhine ;  whilst  in  the  association  of  iron  with  the  nummu- 
lites it  is  dear  that  it  is  the  direct  western  extension  of  the  still  more 
ferruginous  zone  of  Sonthofen  in  Bavaria. 

These  nummulitic  and  flysch  beds  apparently  dip  under  the  secon- 
danr  Umestone.  The  mural  escarpment  of  the  Breitenberg,  a  coun- 
terfort of  the  Stauffen,  which  seems  to  be  the  upcast  mass,  consists 
chiefly  of  neocomian  Umestone,  and  in  the  part  to  which  we  ascended 
with  some  difficulty  through  the  thick  wooos  we  found  the  Spatangus 
retusHs  of  the  lower  member  of  that  formation.  It  is  probable  that 
there  is  really  an  overlap  at  this  junction  as  represented  in  this  wood- 
cut, fig.  16,  and  the  pomt  will  be  discussed  in  the  sequel. 

Fig.  16. 


Breitenberg. 


/         Fault. 

/.  N  mmuUte  rocks. 
a.  Neocomian  (lower). 

Sonthofen  Iron  Mines,  and  the  Griinten  Mountain  in  Bavaria, — 
The  symmetrical  order  of  succession  so  clearly  exposed  on  the  outer 
flank  of  the  nhnem  and  at  other  points  around  the  Hoher  Sentis, 
and  which  is  obliterated  along  the  great  line  of  fault  at  Dombim 
near  Br^enz,  is  strikingly  and  instructively  resumed  in  the  Grunten 
mocmtain,  situated  between  Immenstadt  and  Sonthofen  in  Bavaria. 

Sections  of  this  mountain  were  published  in  the  commimication  so 
often  alluded  tof,  but  they  were  defective  in  not  presenting  any  well- 
defined  ffeoloncal  horizon  either  in  the  inferior  or  superior  strata.  It 
is  true  that  Prof.  Sedgwick  and  myself  then  discovered  greensands 
with  unquestionable  British  cretaceous  fossib,  and  we  stated  that 
these  were  surmounted  by  the  scaglia  or  equivalent  of  the  chalk. 
But  the  transition  downwards  from  that  which  really  represents  the 
gault  and  upper  greensand  into  the  fossiliferous  limestones,  now 

*  Tram.  GeoL  Soc  Lond.  vol.  iiL,  2nd  series,  p.  325,  and  pi.  36.  fig.  3. 
t  Ibid.  pi.  36.  fig.  4. 
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known  to  be  neocomian  or  lower  greensand,  was  wholly  omitted  ;  for, 
as  before  said,  the  neocomian  fossils  were  then  unknown,  and  these 
rocks  were  considered  to  be  of  Jurassic  age.  On  the  other  hand,  the 
transition  upwards  from  the  equivalent  of  the  chalk  into  the  num- 
mulitic  gri^  and  thence  into  tne  fljsch  as  an  overlying  mass»  was 
imperfectly  explained.  In  short,  having  returned  to  Sonthofen  and 
the  Griinten  after  an  interval  of  eighteen  years,  and  immediately 
after  I  had  made  a  consecutive  series  of  sections  in  strata  of  this  age 
throughout  the  Savoy  and  Swiss  Alps,  I  looked  at  the  masses  with  a 
different  eye  to  that  with  which  I  viewed  them  when  the  only  Alpine 
bases  known  to  me  were  the  rock-masses  (often  inverted)  on  tLe  north 
flank  of  the  Austrian  Alps.  Even  formerly,  however,  when  treating 
of  the  flysch  with  fticoids  of  this  valley  of  Sonthofen,  Prof.  Sedgwick 
and  myself  offered  our  sketch  as  a  provisional  arrangement  only  ; 
stating  that  a  more  minute  acquaintance  with  the  fossil  history  of  the 
Alps  might  hereafter  lead  geologists  to  a  better-defined  subdivision  of 
these  groups.  Profiting,  tnererore,  by  the  increase  of  this  very  fossil 
knowledge  and  by  a  study  of  the  best  types  in  other  parts  of  the  chain, 
and  correcting  my  former  views,  I  now  offer  sections  which  I  consider 
to  be  as  clear,  copious  and  instructive,  in  explaining  the  succession 
from  the  cretaceous  to  the  nummulitic  rocks,  as  any  with  which  I  am 
acquainted. 

The  peaked  and  remarkable  calcareous  mountain  called  the  Griinten 
(5923  French  feet  high),  which  stands  out  boldly  between  Immen- 
stadt  and  Sonthofen,  and  there  forms  the  eastern  side  of  the  valley 
of  the  Iller,  has  a  general  direction  from  N.E.  to  S.W.  This  direc- 
tion, oblique  to  that  of  the  chain  which  trends  from  W.N.W.  to 
E.N.E.,  is  connected  with  dislocations  which  affect  aU  this  tract.  On 
the  north-west  face,  where  the  mountain  is  washed  by  the  Iller,  it 
throws  out  a  spur  above  the  village  of  Wagneritz  or  towards  Immen- 
stadt ;  to  the  north  it  abuts  against  a  mass  of  tertiary  molasse ;  on 
the  south-east  it  is  divided  into  several  jagged  peaks,  the  precipitous 
walls  of  which  preserve  a  parallelism  to  the  main  ridge  of  summits ; 
whilst  on  the  south-west,  or  towards  Sonthofen  and  the  upper  valley 
of  the  Iller,  round-shaped  buttresses  diminishing  in  height  expose 
an  excentric  arrangement  of  strata  in  ascending  order.  In  a  word, 
the  general  escarpment  of  the  mountain  is  to  the  north-west  and 
north-east,  and  the  prevailing  dips  of  the  strata  to  the  south-east  and 
south-west.  The  best  general  section  may  be  described  as  that 
which  exposes  an  ascendmg  order  from  the  elevated  escarpment  near 
Bettenberg  on  the  north-east,  to  the  plain  of  Sonthofen  beyond  the 
village  of  Burgberg  on  the  south-west.  As  in  proceeding  upon  this 
ascending  section  the  strata  towards  the  soutn-west  are  found  to 
mantle  round  and  overlap  the  chief  nucleus,  it  follows  that  lines  drawn 
either  to  the  south  or  west  of  the  sectional  line  will  exhibit  similar 
successions.  Thus,  on  the  south-eastern  face  of  the  Griinten,  vertical 
walls  of  jagged  limestone,  which  diminish  in  height  from  the  summits 
of  the  mountain  to  the  valley  of  the  Starzlach,  expose  precisely  the 
same  ascending  order  of  strata  as  that  which  is  seen  in  the  masses 
that  fold  over  at  less  high  angles  towards  Burgberg  and  Sonthofen. 
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A  glance   at  this  diagram,   fig.  17,   will   sufficiently   explain  the 

Fig.  17. 


Riffhi  banJt  qffhe  lUer, 
N.K.E.  GrOnteo. 

r.Eck. 


Sonthofen. 
UolaMe.  Fault.  c  b      c^cd  e  f    f   f  g 

The  lowest  Tisible  rocks,  as  seen  in  the  escarpments  on  the  north 
and  north-east  faces  of  the  Grunten  (a  of  fie.  1 7),  are  shaly,  dark 
grey,  thin-bedded  compact  limestone,  with  a  uttle  iron  and  nodules 
of  black  flint,  altematmg  repeatedly  with  dark  shale.  Some  of  the 
beds  contain  so  much  dilorite,  that,  like  rocks  in  two  other  zones 
higher  in  the  series,  they  become  grass-green  when  bruised  by  the 
hammer,  though  previously  they  are  simply  dull  grey  calcareous  grits 
or  impure  limestones  with  schists.  With  the  exception  of  an  ammo- 
nite, M.  Brunnerf  and  myself  found  no  fossils  in  this  rock.  There 
can,  however,  be  no  doubt  that  it  is  the  lower  neocomian  of  Swiss  geo- 
logLstSy  which  hthologically  it  resembles,  and  like  which  it  graduates 
up  into,  and  is  at  once  overlaid  by,  the  true  upper  neocomian,  white 
limestone.  The  latter  rock  (6),  which,  as  has  been  stated,  forms  so 
clear  a  horizon  throughout  lai^  r^ons  of  the  external  calcareous 
chain  of  the  Alps,  is  here,  as  elsewhere,  a  thick-bedded,  compact, 
H^t  grey  limestone^  weathering  white  in  the  cliffs ;  the  surface  being 
distinguished  by  innumerable  white  lines,  occasionally  defining  the 
segments  of  the  shell  of  the  Caprotina  ammonia  and  other  fossils. 
Usually,  indeed,  these  fossil  outlines  are  the  hardest  portions  of  the 
rock,  and  stand  out  in  the  form  of  chert.  Veins  of  white  calc  spar 
also  traverse  the  strata.  This  white  limestone  or  upper  neocomian 
constitutes  the  highest  point  of  the  double-peaked  Grunten,  a  narrow 
broken  wall  of  limestone  trending  from  north-east  to  south-west,  the 
beds  of  which  dip  rapidly  to  the  south-west.  The  consequence  is, 
that  in  following  the  top  of  the  crest  from  these  hmestone  summits  to 
another  point  ouled  the  Hohe  Wand,  where  a  cross  is  erected,  and 
thence  down  to  the  highest  houses  in  an  upland  gorge,  called  the 
Gundalpe  Hutte,  you  pass  successively  from  the  neocomian  above 
described  to  other  overlying  formations.  The  rock  (c)  immediately 
resting  upon  the  upper  neocomian  hmestone  is  a  lightish  grey, 
brownish,  and  even  a  whitish  sihceous  or  quartzose  sandstone.  Find- 
ing this  rock  in  other  sections  on  the  sides  of  this  mountain,  as  well 
as  upon  the  summit,  and  always  in  this  position,  viz.  overlying  the 
limestone  recognised  as  the  upper  neocomian  of  the  Alps ;   and^ 

t  This  name  bis  been  mitprinted  Brimner  in  the  preceding  pages. 
VOL.  V, — PART  I.  Q 
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further,  seeing  that  in  all  situations  it  is  capped  by  a  zone  of  dark 
green,  schistose  sandstone  which  contains  fossils  of  Uie  gault  or  upper 
greensand,  I  was  induced  to  think  that  it  might  represent  the  upper 
portion  of  our  English  lower  greensand,  some  parts  of  which  it  re- 
sembles. It  may  also  be  compared  with  the  ''  Quader  Sandstein  " 
of  Saxony,  except  that  it  is  more  brittle  and  quartzose.  Whaterer 
the  sandstone  rock  (c)  may  represent  (for  we  found  no  fossils  or 
casts  in  it),  there  could  be  no  doubt  as  to  the  next  zone,  or  the  dark 
shale  and  deep  green  sandstone  (c*)  that  succeed,  and  which,  thou^ 
of  no  great  dimensions  (probably  nowhere  exceeding  50  feet),  is 
the  same  excellent  fossil  horizon  as  in  Savoy  and  Switzerland.  In 
short,  it  is  the  band  so  often  spoken  of  as  representing  the  gault  and 
upper  greensand.  In  it  we  found  ammonites  of  two  or  three  species, 
including  A.  Mantelli  (Sow.),  TurriUtes,  and  the  small  Inoceramus 
concentricus  (Sow.). 

Some  of  these  fossils  also  occur  in  a  lateral  spur  of  the  Grunten, 
towards  the  Tillage  of  Wangeritz,  and  others  on  the  external  face  of 
the  great  dome-shaped  mass  which,  in  the  ravines  to  the  east  of  Burg- 
-berg,  exhibit  this  dark  green  sandstone  passing  up  into  a  thin  band 
of  hard,  compact,  cream-coloured  limestone  impregnated  with  chlorite; 
in  short  a  hard  "  craie  chlorite."  The  green  sandstone  is  extensively 
quarried  on  one  of  the  shoulders  of  the  Grunten  to  the  north  side  of 
tne  great  depression  called  the  Vustf,  between  the  mountain  and  the 
nummulite  ledges  (/)  that  run  down  to  Burgberg,  and  when  worked 
out  is  really  a  very  striking  band.  It  is  a  mottled  rock,  and  fre- 
quently owes  this  appearance  to  branching  flattened  stems,  which  may 
be  Alcyonia. 

The  inoceramus  limestone  (ct),  with  its  chloritic  base,  above  alluded 
to,  forms  a  wrapper  of  great  thickness  over  the  green  sandstone  or 
gault,  and  constitutes  the  external  coat  of  the  mountain  on  its  western 
and  south-western  faces.  It  is  largely  and  clearly  exposed  in  the 
breaks  on  the  sides  of  the  upland  depression  of  the  Gundalpe 
Hutte,  above  the  Vust  ravine,  from  whence  it  rises  up  to  the  summit 
called  the  Hohe  Wand,  the  cross  of  which  stands  on  it,  and  very  near 
its  junction  with  the  inferior  zone  of  green  sandstone.  In  parts  it  is 
of  the  colour  of  the  sewer-kalk,  t.  e.  a  light  grey  or  green  colour ; 
but  above  the  Gundalpen,  or  between  these  chldets  and  the  Hohe 
Wand,  it  graduates  into  limestone  as  red  as  the  scaglia  of  Italy,  or 
of  the  Mythen  mountain  near  Schwyz.  Throushout  its  matrix  are 
numerous  fragments,  occasionallv  almost  entire  luiells,  of  large  thick- 
shelled  inocerami.     This  rock  oi  the  Grunten,  so  clearly  in  the  posi- 

t  Many  of  the  fossils,  so  called,  of  Sonthofen,  collected  by  the  Bergmeister  and 
other  persons,  have  been  found  in  the  beds  of  this  broad  torrent  called  the  Vast. 
Now,  as  the  waters  which  flow  into  it  traverse  all  the  strata  in  the  cretaceous  suc- 
cession, and  these  flank  the  nummulitic  beds,  geologists  will  readily  understand 
how  Pix)f.  Sedgwick  and  myself  were  formerly  led  to  believe,  by  the  inspection 
of  such  collections,  that  nummulitea  occurred  in  the  same  beds  with  ammonites 
and  belemnites  and  small  inocerami,  the  green  tandstonet  above  and  below  tke 
equivalent  of  the  chalk  often  dosefy  re$embUng  each  other.  I  have  now  Mtisfied 
myself  that  here,  as  elsewhere  throughout  the  Alps,  nommulites  are  unknown 
bdow  the  surface  of  the  inoceramus  limestone. 
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tum  of  the  chalk  of  North  Europe  and  of  the  scaglia  of  North  Italy, 
18  of  very  considerable  thickness,  certainly  several  hundred  feet. 

The  largest  superficies  in  which  the  inoceramus  limestone  is  ex- 
posed, is  around  uie  dome-shaped  masses,  the  external  faces  of  which 
dip  rapidly  down  into  the  great  ravines  north-east  and  east  of  Burg- 
berg.  In  the  latter  we  perceived  it  to  be  overspread  by  a  thin  course 
of  dark  greyish,  fatty  marl,  in  which  we  detected  one  inoceramus. 
This  band  is  immediately  surmounted  by  marlv  and  incoherent, 
alightly  micaceous,  thin-bedded  sandy  shale,  which  here  has  been 
lai^ly  denuded,  and  above  Burgberg  is  exposed  in  a  transverse  de- 
pression between  the  Griinten  mountain  on  the  one  hand  and  the 
lower  nummulitic  ridges  on  the  other. 

This  hollow  eroace  (the  Vust)  between  the  external  face  of  every 
stratum  to  whicn  the  terms  'chalk'  or  'cretaceous'  can  rigorously 
be  applied,  and  the  lowest  band  of  nummulitic  limestone,  is  occupied 
in  its  lower  portion  by  the  small  micaceous  shale  and  schist  before 
mentioned,  which  is  succeeded  by  a  greenish  sandstone  associated 
with  impure  sreybh  limestone  and  dark  grey  shale.  These  beds, 
particularly  the  sandy  impure  limestone,  contain  the  same  Gryphtea 
vesicularU  which  has  been  remarked  as  Iving  between  the  inoceramus 
limestone  and  the  nummuHtic  rocks  of  the  Fahnem  in  Appenzell. 
Here,  however,  this  intermediate  band  of  green  sandstone,  schist 
and  limestone  (e  of  the  diagram)  is  vastly  more  expanded.  If  the 
section  be  made  in  the  regular  ascending  order  of  the  mountain 
(fig.  17),  as  followed  from  its  main  escarpment,  over  its  summits, 
down  the  Gundalpe,  and  across  the  Yust  to  the  nummuhtic  ridges 
east  of  Burgbere,  this  intermediate  group  (e)  is  seen  to  be  perfectly 
conformable  to  the  inoceramus  limestone  beneath  it,  and  to  the  lowest 
nummulitic  rock  above  it.  Equally  is  it  conformable  if  another 
section  at  right  angles  to  the  above  be  made  from  the  Grunten  to 
the  valley  of  the  Starzlach,  a  little  to  the  south  of  the  chief  mines, 
and  where  a  rivulet  descends  from  the  mountain  (see  fig.  18).     In 

Fig.  18. 

Tlie  Grflnten. 

Cretaceouf.  NtmunQlitet.  Flyidi. 


*  erf    e    /// 

this  section  the  beds  are  more  nearly  vertical,  and  necessarily  occupy 
very  small  horizontal  spaces.  The  same  order  being  followed  from 
centre  to  flank,  t.  e.  from  the  neocomian  through  the  greensand 
and  cretaceous  strata,  the  explorer  does  not  fail  to  observe  a  great 
thickness  of  bluish  grey,  sli^tly  micaceous  marls,  and  marlstone 
associated  with  a  sort  of  greensand,  and  beds  of  impure  grey  lime- 
stone with  white  veins  (e),  in  which  we  apdn  detected  the  same  Gry- 
phsea  as  in  similar  strata  in  a  like  position  in  the  other  section  near 
Burgberg,  p.  205. 

a2 


Digitized  by  VjOOQIC 


208  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [DeC.  13^ 

The  Gryphtea  to  wliich  I  have  now  so  much  alluded,  is  considered 
by  Mr.  Morris,  M.  D'Archiac,  and  all  the  conchologists  who  hare 
examined  and  compared  it  since  my  return  to  England,  to  be  the 
G.  vesicularis,  a  fossil  of  the  upper  chalk  of  England,  and  which  in 
the  south  of  France  is  common  to  the  white  chalk  and  the  lowest 
nummuUtic  zone.  It  was  either  this  species  or  its  representative  Gry- 
phite,  which  Professor  Sedgwick  and  myself  collected  at  Matsee,  north 
of  Salzburg  in  Austria,  where  it  occurs  m  strata  similar  to  those  of  the 
Grunten  and  Fahnem  mountains,  and  where  it  is  equally  surmounted 
by  nummulitic  Hmestones  with  large  Echini  and  Pectens*.  If  then 
we  are  guided  by  fossils,  we  ought  to  group  this  band  or  intermediate 
bed  (e)  with  the  cretaceous  system,  dthough  its  beds  have  already 
assumed  to  a  great  extent  the  lithological  characters  of  the  overlying 
nummulitic  greensauds  and  flysch  into  which  the^r  make  an  imper- 
ceptible transition.  In  the  Fahnem  mountain,  indeed,  the  same 
Gryphssa  continues  to  pervade  the  ascending  strata  until  it  is  asso- 
ciated with  nummulites;  whilst  in  the  Vicentine,  another  species  of  Gry- 
pheea  approaching  to  the  G,  columba,  mounts,  as  is  well  known,  into 
strata  in  which  not  only  nummuhtes,  but  many  true  eocene  shells 
occur.  These  Gryphites  (perhaps  two  or  more  species)  characterize, 
therefore,  the  zone  of  transition  between  the  secondary  and  tertiary 
rocks  of  the  Northern  Alps. 

Nummulite  Bocks  and  " Flysch'' — After  a  clear  exhibition  on 
the  sides  of  the  torrents  of  several  courses  of  the  above-mentioned 
strata  with  Gryphites,  some  of  which  lithologically  resemble  the 
flysch  above  the  nummuhtes,  these  beds  {e,  fig.  18),  dipping  60°  to 
70°  south-east,  are  seen  to  graduate  conformably  into  another  and 
somewhat  thicker  band  of  limestone  of  deep  ferruginous  colour,  which 
is  loaded  with  myriads  of  nummuhtes,  grains  of  chlorite  being  abun- 
dantly disseminated  in  it  (/).  This  is  the  lowest  of  the  several  well- 
known  zones  of  nummulitic  iron  ore  of  Sonthofen,  and  it  is  charged 
with  the  large  Nummulina  millecaput  and  N.  planospira,  the  smaller 
N.  fflobosa,  the  large  Echini  with  Crustacea  {Cancer  Sontho/ensis)^ 
Pectens,  some  Terebratulse,  the  Trochus  gigantetu,  etcf*  On  a 
former  occasion  it  was  stated  generally,  that  bands  of  nummuhtic 
limestone  succeeded  each  other  on  the  banks  of  the  Starzlach,  and 
I  would  now  simply  observe,  that  the  overljring  schists,  impure 
limestone,  and  sandstones  of  the  mountain  {g)  are  referable  to 
the  flysch,  or  are  simply  the  continuation  of  one  and  the  same  series  of 
strata,  however  slightly  they  may  be  fossiliferous  in  their  upper  parts. 

*  See  Trans.  Geol.  Soc.  Lond.,  New  Series,  vol.  iii.  p.  349.  The  Gryphaea  of 
Matsee  is  named  G,  expatua  by  Mr.  J.  Sowerby.  Unluckily  the  tme  equlTalents  of 
the  chaUc  or  limestone  with  Inocerami  are  not  visible  near  Matsee.  It  is  now 
however  my  belief  (though  I  have  not  re-examined  the  country)  that  all  the  exten- 
sive mass  of  flysch  or  Vienna  sandstone  lying  between  Matsee,  Mondsee,  and  the 
walls  of  secondary  limestone  on  the  south,  is  of  lower  tertiary  age. 

t  Trans.  Geol.  Soc.,  New  Series,  vol.  iii.  p.  332.  The  genera  arc  Pecten,  Terc- 
bratula,  Spondylus,  Plicatula,  Astarte,  Anomia,  Isocardia,  with  large  Serpulse,  the 
well-known  large  Echini,  and  the  Cancer  SontliqferuiM,  It  is  in  fact  the  same 
group,  most  of  the  species  being  undescribed,  as  that  which  occurs  all  through  the 
Swiss  Alps. 
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Returning  to  the  chief  section  (fig.  17),  I  specially  call  attention  to 
the  ascendi^  succession,  as  seen  to  the  south-east  of  Bureberg,  above 
the  intermemate  gryphite  zone  (e).  As  on  the  east  flank  of  the 
Granten  (fig.  18),  so  here  we  see  schist  and  thin  bands  of  dark  flysch 
with  white  veins,  intercalated  between  the  greensand  and  impure  hme- 
stone  with  the  Grypheea  and  the  lower  zone  of  nummuUtes.  The 
mineralogical  transition  is  here  equally  perfect,  nummuUtes  are  also 
abundant,  together  with  Pectens,  Spondyli,  and  other  fossils  of 
the  zone,  the  beds  being  also  ferriferous,  but  offering  some  local 
peculiarities,  such  as  small  cavities  in  the  green  sandy  calciferous 
grits.  This  band  (/)  is  overlaid  by  glossy  light  grey  and  dark 
schists,  that  have  been  worn  into  a  small  depression,  which  is  fol- 
lowed by  a  second  ridge  of  nummuHtic  rock.  The  mass  of  this  is  a 
greenish,  yellowish  sandstone,  or  sandy  calc  grit,  which  graduates 
mto  a  hard  sihceous  hmestone  containing  lai^  Echini,  Pectens, 
Terebratulfie,  as  well  as  NummuUtes,  and  is  very  peculiar  from  the 
small  flakes  of  chlorite  which  occupy  the  structural  divisions  of  some 
of  the  foraminifera.  Shale  and  tnm  stone  bands  recur  in  another 
sUght  depression,  foUowed  by  another  course  of  nummuUtic  Umestone 
of  grey  colour,  but  also  containing  iron,  whereon  an  ancient  castle 
stands ;  then  another  depression  in  shale,  &c. ;  and  lastly  a  great  band 
of  nummuUtic  limestone  of  about  150  feet  in  thickness,  winch,  being 
thin-bedded,  sandy,  and  subconcretionary  in  its  lower  parts,  passes 
up  into  veiy  thick  beds  of  hard  grey  Umestone  charged  with  Num- 
mulina  millecaput,  OrbitoUtes,  &c.  This  Umestone,  when  foUowed 
to  the  Starzlach,  plunges  under  other  courses  of  schist  and  sandy 
shale,  forming  part  of  the  great  overlying  masses  that  occupy  both 
banks  of  the  river  lUer,  between  Sonthoten  and  Ober  Maisebtein, 
but  which  are  denuded  in  the  plain  of  Sonthofen. 

I  may  complete  this  ascending  section  of  the  formations  in  the 
valley  of  the  lUer  by  stating,  that  although  a  consecutive  ascending 
order  is  observable  m  the  hills  to  the  east,  the  same  order  cannot  be 
followed  without  breaks,  curvatures  and  reversals  in  the  chief  de- 
pression or  on  its  western  side.  It  is  manifest,  however,  that  all  the 
sandstones,  schists  and  bastard  limestones,  which  constitute  the  flysch 
on  both  sides  of  the  vaUey  between  Sonthofen  on  the  north  and  the 
Schwarzenberg,  are  parts  of  that  great  group  the  lower  portion  of 
which  inoscubtes  with  the  nummuUtic  limestones.     (See  fig.  19.) 

Fig.  19. 

^fi  bank  qfthe  lOer,  above  Sonihqfen. 

N.N.W.  Bolghen.     Scbwanenberg.  S.S.E. 

VaUeyof 
Obentdoif. 


♦  The  tmall  NummuUna  phceniula  (Dcsh.),  N.  intermedia  (D'Arch.),  in  tbis 
band,  is,  I  believe,  the  same  species  known  in  the  nummuUtic  limestones  of 


Digitized  by  VjOOQIC 


210  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [DeC.  13, 

This  upper  and  mucli  larger  division  of  the  supracretaceous  formation, 
which  so  rarely  exhibits  fossils,  is  chiefly  characterized  by  its  focoids, 
tIz.  Fucoides  Targioni  and  F,  intricaius,  A  httle  to  the  north  of 
the  turnpike  and  bridge  oyer  the  Dler,  west  of  Sonthofen,  this 
"  flysch  "  is  in  the  condition  of  a  light-coloured,  greenish  grey,  mica- 
ceous sandstone  with  black  grains,  in  beds  from  two  to  four  feet  thick, 
and  undistinguishable  from  strata  which  I  shall  hereafter  dwell  upon 
as  the  "  macigno  "  of  the  Italians ;  one  bed  of  it,  an  excellent  bmld- 
ing-stone,  being  twelve  feet  thick,  and  much  resembline  the  **  pietra 
forte  "  of  the  Florentines.  Intercalated  with  some  of  this  *'  macigno 
alpin,"  I  detected  a  thin  course  of  nummuUtic  limestone,  the  upper- 
most limit  of  the  nummulites  in  this  r^on ;  for  in  the  still  higher 
masses  of  "flysch,"  extending  by  the  Bolghen  to  the  foot  of  the 
Schwarzenbere  nearOberMaisebtein,  no  traces  of  other  fossils,  except 
fucoids,  have  been  seen. 

It  is  unnecessary  to  say  more  on  the  mineral  characters  of  the 
overlyine  group  of  sandstones,  limestones,  calcareous  grits,  argilla- 
ceous schist,  and  calcareous  shale  and  flagstone,  which  compose  the 
flysch ;  and  after  all  the  details  given,  I  need  scarcely  remind  my 
readers,  that  everywhere  in  the  Swiss  and  Bavarian  Alps,  where  the 
order  has  been  preserved,  this  group  passes  downwards  into,  and  in- 
osculates with,  the  nummulite  limestones  above  the  inoceramus  lime- 
stone or  chalk.  When  combined  with  the  nummuHtic  strata  (from 
which  I  hold  them  to  be  inseparable)  they  constitute  therefore  one 
of  the  grandest  formations  of  the  Alps,  often  rivaling  in  thickness 
the  whole  Jurassic  limestones,  and  being  of  as  great  tUckness  as  the 
cretaceous  rocks  on  which  they  rest. 

Altered  Rocks  of  the  Bolghen. 

Before  I  take  leave  of  the  valley  of  Sonthofen,  I  must  explain  my 
present  views  respecting  the  phasnomena  in  the  Bolghen  mountain 
near  Ober  Maiselstein,  where  large  masses  of  crystalline  rock  (having 
the  character  of  mica  schist,  gneiss?  &c.)  were  described*  as  pene- 
trating the  green  sandstone,  fucoid  shales  and  millstone  grits  of  the 
flysch  series.  Judging  chiefly  from  Scottish  analogies,  I  formerly 
thought  that  these  crystalline  rocks,  which  I  then  beheved  to  be 
of  primary  age,  had  been  partially  protruded  in  wedge-shaped  and 
conical  masses  through  overlying  sandstones  and  schists ;  and  I 
deemed  this  view  the  more  probable,  ^as  on  both  sides  of  the  valley 
of  the  nier  in  this  part  of  the  district,  the  strata  are  not  only 
much  convulsed  and  set  on  edge,  but  are  partially  penetrated  by 
eruptive  rocks,  and  on  the  east  side  of  the  valley  contain  many 
mineral  veins.  That  opinion  has  been  controverted  by  M.  Studer, 
who  believes  that  those  masses  of  ^stalline  rock  in  the  Bolghen 
are  in  truth  transported   boulders,  .which  were  included  in  the 

Mosdano  near  Florence.  Besides  the  prevalent '  species  of  nummnlites,  viz.  N,plS' 
notpira,  N,  mUUeaput,  N.Biaritiana,  Sec,  Professor  Bninner  thought  he  discoTcred 
a  new  species,  which  he  proposed  to  name  iV.  MwehismU, 
*  See  Trans.  Geol.  Soc.  Lond.  vol.  iii.  p.  334. 
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"  fljBch "  during  the  period  of  its  fonnation.  As  he  mainly  sup- 
ports that  view  by  the  example  of  certain  granitic  blocks  of  the  vaUer 
of  Habkheren  near  Interlacken,  and  as  the  interstratification  of  such 
boulders  or  blocks  in  strata  of  that  a^  must  be  very  novel  to  En- 
glish geologists,  I  crave  permission  to  digress  from  the  chief  objects  of 
this  memoir,  in  order  to  discuss  a  point,  which,  according  to  M. 
Studer,  is  closely  related  to  the  structure  of  the  **  flysch." 

In  the  valley  of  Habkheren,  on  the  north  bank  of  the  lake  of 
Thun  (as  in  many  interior  vaUeys  of  the  calcareous  chains  of  the 
Swiss  Alps),  the  fl^sch  is  squeezed  up  in  a  narrow  trough  with 
broken  and  highly  mclined  stratfi,  portions  of  which  are  exhibited 
on  the  rieht-hand  side  of  the  hill  road  which  ascends  from  Inter- 
lackoi  to  Habkheren.  That  these  beds  belong  to  the  true  supracre- 
taceous  flysch  is  undoubted,  because  in  rising  up  they  overlap  the 
nnmmuHtic  limestone  at  the  head  of  the  valley,  which  rock  m  its 
turn  surmounts  the  neocomian  limestones  of  the  adjacent  chain. 
These  "  flysch  "  rocks,  in  parts  pebbly  and  gritty,  in  parts  schistose, 
tc^ther  with  the  usual  shale  and  thm-bedded,  dark,  impure  white- 
veined  limestones  of  this  series,  are  there  seen  to  contain  truly  inter- 
calated geodes  and  bands  of  a  granitoid  character,  which  re-occur  at 
intervab  in  a  distance  of  about  150  paces,  much  in  the  maimer  re- 
presented in  the  diagram  (fig.  20),  the  granitic  geodes  often  imitating 


Fig.  20. 


1.  Oreenkh  crjstaUiiM  granitic  coane.  6.  QoartsoM  gnnitie  band. 

S.  Altematiooa  of  adiiit  and  impure  Ume-  S.  Black  schuta  with  ealcareoos  eoneretiona. 


•tone  or  *' fljach."  7.  Schiata  with  pranitic  concretioiia. 

lodea.  8.  Schiata  and  kmeatonea  orer*-*"*  *"" 

limeitoiM,  Ac.  toid  oon^merataa,  Ac. 


in  form  the  calcareous  nodules !  My  attention  was  first  directed  to 
this  section  by  Professor  Studer,  in  company  with  whom  and  M.  Me- 
rian  and  M.  Favre,  I  visited  it.  It  appeared  to  me,  that  the  granitoid- 
hke  concretions  are  there  intercali^d  with  calcareous  nodules,  as 
well  as  that  the  thin  granitic  courses  alternate  with  the  schists  and  im- 
pure limestones.  The  largest  of  the  concretions  visible  in  the  course 
(3)  is  an  oblate  spheroid  about  four  feet  long  by  three  feet  wide ; 
Uie  external  zone  bemg  more  schistose,  the  interior  passing  from  a 
paste  with  large  crystals  of  felspar  to  a  more  compact  nucleus,  one 
extremity  of  which  seemed  almost  as  if  made  up  of  small  granite 
pebbles.  The  band  (5),  on  the  other  hand,  appeared  to  be  an  imiform 
greenish-coloured  granite  or  granitic  gneiss. 

I  confess  that  I  could  not  account  for  such  appearances,  except  by 
supposing  that  the  granitic  matter  was  evolved  contemporaneously 
with  the  formation  of  the  sedimentary  sandstones  and  schists  which 
envelope  it ;  the  concretionary  forms  of  some  of  these  masses  seeming 
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to  favour  the  hypothesis.  But  whether  produced  in  the  same  man- 
ner as  the  so-called  volcanic  or  plutonic  grits  of  other  regions,  by 
contemporaneous  segregation  of  the  igneouslj-formed  particles  in  the 
bottom  of  a  turbid  sea,  or  by  subsequent  partial  alteration  of  the 
strata  through  the  action  of  heat  and  gases,  or  by  transport  from 
other  rocks,  it  is  clear  that  these  small  developments  of  gramtic  matter 
are  contemporaneous  with  the  flysch. 

Now,  it  happens  that  in  the  same  valley  of  Habkheren  several  large 
granitic  blocks  also  exist,  which  lying  upon  the  surface  of  the  an- 
cient alluvium,  or  having  been  washed  into  water-courses,  hare  at  a 
distance  all  the  aspect  of  the  usual  Alpine  erratic  blocks,  about  the 
transport  of  which  there  has  been  so  much  discussion*.  The  largest 
of  these  hes  on  the  surface  of  a  boggy  meadow,  under  which  18  a 
great  thickness  of  the  coarse  ancient  alluvia  on  the  east  side  of 
the  rivulet  of  Habkheren,  as  explained  in  the  woodcut  (fig.  21).  This 


jr.  Emdcblodu.  g.  Eocene  fijich. 

jr.  Ancient  allovium. 

block,  so  superposed  to  the  ancient  alluvia,  is  about  105  feet  long  by 
90  feet  broad  and  45  feet  hish  (above  the  marshy  meadow),  and 
has  therefore  a  mass  of  not  less  than  400,000  cubic  feet.  As  it 
consists  of  a  pecuhar  sranitef,  now  unknown  to  mineralogists  in  any 
part  of  the  Alps,  Professor  Studer  beheves  that,  like  the  very  smaU 
eeodes  and  courses  alluded  to,  this  block  was  also  included  in  the 
formation  of  the  flysch,  and  that  during  the  disintegration  of  that 
rock  on  the  verticd  sides  of  the  valley,  it  has  rolled  down  into  its 
present  position. 

Extending  this  view,  M.  Studer  accounts  in  a  similar  manner  for 
what  he  calls  the  blocks  of  the  Bolghen,  t.  e,  that  they  were  derived 
from  pre-existing  rocks,  and  were  originally  encased  in  the  flysch 
during  its  formation.  After  examining  both  spots,  I  cannot  adopt 
this  opinion,  nor  can  1  regard  the  great  block  of  Habkheren  in  any 

*  In  this  memoir  I  shall  not  enter  npon  the  question  of  the  Alpine'emtics,  it 
being  my  intention,  at  a  future  day»  to  give  my  opinions  conoeming  their  transport 
and  their  relation  to  former  glaciers. 

t  According  to  Studer,  this  granite  is  composed  of  bluish-white  and  pink  fel- 
spar, the  latter  possibly  albite,  with  white  quartz,  occasionally  weathering  yellowish, 
imd  dark  bronze-coloured  mica  in  small  crystals. 


Digitized  by  VjOOQIC 


1848.]        MURCHISON  ON  THE  STRUCTURB  OF  THE  ALPS.  2l3 

Other  light  than  that  of  a  huge  superficial  erratic  deriyed  from  some 
parent  rock,  which  has  either  since  been  lost  by  subsidence  and 
buried  beneath  other  deposits,  or  is  hidden  from  sight  under  those 
coverings  of  snow  and  ice,  which  necessarily  impede  observation  over 
so  very  large  an  area  of  the  higher  Alps.  I  fully  admit  that  the  small 
bands  of  granitic  rock  above  adverted  to,  are  fairly  intercalated 
in  the  flyscb,  but  the  presence  of  geodes,  the  largest  of  which  is  not 
above  four  feet  long  and  a  foot  wide,  can  never  si^sfy  me  that  a  mon- 
strous block,  containing  400,000  cubic  feet,  was  similarly  formed;  that 
block  not  having  the  slightest  appearance  of  having  ever  been  a  geode. 
Again,  no  conglomerates  known  in  any  part  of  the  flysch  of  the 
Alps  exhibit  pebbles  of  more  than  a  foot  or  two  in  diameter.  But, 
supposing  this  block  to  have  been  part  of  a  conglomerate,  and  that 
it  was  transported  ^m  a  ridge  of  crystalline  rock  into  the  flysch 
during  the  formation  of  that  deposit,  by  what  agency  must  we 
suppose  it  to  have  been  moved  ?  Certainly  not  either  by  solid  or 
floating  ice ;  for  the  period  of  the  nummuutes  and  flysch  was  any- 
thing but  one  of  glacier  action,  and  was  in  fad  one  of  considerable 
warmth. 

Seeing  then  no  satisfactory  explanation  of  the  depont  of  a  block  of 
this  magnitude  in  finely  lammated  sandstone  and  schist  (such  as  con- 
stitutes the  flysch  of  the  sides  of  the  valley  of  Habkheren)  (p  of 
fig.  21),  I  necessarily  reject  the  application  of  such  reasoning  to  the 
l^lghen.  On  re-examining  that  locality  (see  fis .  1 9,  p.  209)  I  perceived 
that  the  rocks  which  I  had  described  as  miUstone  grits,  greensands 
and  schists,  have  each  of  them  a  persistent  strike.  Thus,  quartz 
grits,  passing  into  highly  indurated  schists,  the  former  assuming  the 
vitrified  aspect  of  certain  quartz  rocks,  trend  from  the  slopes  above 
Ober  Maiselstein  to  the  summits  of  the  Bolghen  on  the  west.  They 
are,  in  fact,  either  vertical  or  dip  70°  to  80°  north  and  south.  Now, 
associated  with  these,  and  havmg  indeed  quartz  rocks  on  both  sides 
of  it,  the  chief  boss  of  mica  schist  rock  protrudes  itself.  From  the 
conical  form  of  the  chief  mass,  I  suggested  that  it  might  have  been 
upheaved  amidst  these  sediments,  and  have  tilted  them  to  the  right 
and  lefl.  On  recently  making  a  transverse  section  from  the  summit 
on  the  N.N.W.  to  the  gorge  of  the  Schinbergerach  on  the  S.S.E.,  I 
perceived,  however,  that  in  parts,  the  black  schists  of  the  flysch  passed 
mto  a  sort  of  Lydian  stone,  and  that  perfectly  parallel  to  the  higher 
zone  there  were  other  less  elevated  peaky  ridges  of  altered  millstone 
grit  and  sandstone,  partially  in  a  state  of  quartz-rock,  with  here  and 
there  a  sort  of  mica  schist.  These  quartz  rocks  are  sometimes  in- 
deed in  an  amorphous  state,  and  often  appear  like  so  many  dykes 
of  fused  or  semi-fuised  matter  running  througn  bands  of  highly  altered 
flyisch  limestone.  With  such  appearances  therefore  on  all  sides,  I 
could  not  resist  the  impression,  that  the  so-called  gneiss  and  mica 
schist,  which  I  had  supposed  to  be  upheaved  points  of  older  crystal- 
line rocks,  are  nothing  more  than  certain  courses  of  the  "  flysch  '* 
which  have  undergone  greater  change  than  the  others.  Besides,  the 
phaenomenon  occurs  in  a  highly  mineralized  zone  of  the  chain ;  and 
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wbeo  I  add'*',  that  it  is  immediately  to  the  north  of  a  grand  line  of 
faulty  by  which  the  whole  system  of  the  flysch  and  numxnulite  rocks 
is  brought  in  its  southern  flank  against  the  neocomian  limestone 
(see  fig.  19)  (m  precisely  the  same  unconformable  relations  as  at  Dom- 
bim  and  Uaslach,  south  of  Bregenz),  there  may  be  less  difficulty  in 
adopting  this  solution.  At  all  events,  the  conversion  of  flysch  into 
gneiss  and  mica  schist  is,  as  before  stated,  a  phsenomenon  in  the 
Grisons  insisted  on  by  M.  Studer  himself,  and  a  partial  exhibition  of 
such  metamorphism  m  the  Bolghen  may  therefore  reasonably  be  ad- 
mitted. 

Prolongation  of  the  Cretaceous  and  Nummulitic  zones  ofSwitzer^ 
land  and  Bavaria  into  the  Austrian  Alps. 

Taking  the  strata  of  Appenzell  and  those  of  the  Grunten  and  Sont- 
hofen  as  types,  the  practised  geologist  will  have  little  difficulty  in  adapt- 
ing to  them  the  descriptions  of  the  sections  of  the  Alp  Spitz  near  Nes- 
selwang,  the  banks  of  the  Traun,  ELressenberg,  Untersberg,  Matt- 
seef  and  Pancratz,  as  given  by  Prof.  Sedgwick  and  myself.    Thus,  at 
the  Alp  Spitz,  near  Nesselwang,  to  the  east  of  the  Grunten  and  on  the 
edge  of  the  Bavarian  Alps,  there  is  clearly  a  cretaceous  succession,  the 
extent  and  details  of  which  must  be  hereafter  worked  out.  But  in  the 
meantime,  and  in  reference  to  our  former  section,  it  appears  clear  that 
the  northern  flank  of  that  mountain  presents  an  esciu^ment  in  which 
strata,  with  fossils  of  the  greensand  and  gault  (if  not  neocomian),  are 
brought  into  contact  with  the  same  tertiaiy  conglomerates  as  at  the 
Grunten  (molasse  and  nagelflue)^.    To  the  south,  or  towards  the 
Alps,  the  younger  strata  of  "  flysdi,"  &c.,  are  thrown  off  from  these 
ereensands  and  cretaceous  rocks,  the  most  southern  of  which  is  evi- 
dently a  representative  of  the  chalk. 

In  the  section  of  the  Traunstein  there  is  pretty  much  the 
same  expansion  of  a  system  of  sandstone  and  shale  and  impure  lime- 
stone with  several  courses  of  nummuHtes,  &c.  §,  as  that  which  has 

*  M.  BoQ^  has  described  the  crystalline  mining  tract  east  of  the  valley  of  the 
nier,  which  is  in  truth  a  prolongation  of  these  masses. 

t  The  fossils  which  I  formerly  collected  at  Mattsee  having  been  examined  bv 
M.  D'Archiac*  are  pronounced  by  him  to  be  Nummuliiet  BiarUzana  (D'Arch.) 
(N,  alacica,  Leym.),  so  common  in  the  Lower  Pyrenees,  the  Corbi^res,  and  the 
Lower  French  Alps ;  N,  rohUarii  ?  Desh.  {N,  ghbuku,  Leym.),  of  the  Corbi^res 
and  the  CrimsBa ;  OrbiioHtet  ntbmedia  (D'Arch.)  of  Biaritz  and  the  Lower  Alps ; 
Operculina,  n.  s. ;  Echinolampas,  probably  the  E.  eU^ioidalit  (D'Arch.)  of  Biaritz ; 
and  among  the  Pectens  one  species  closely  resembles  the  P.  triparHtua  (Desh.)  no 
well  known  in  the  tertiary  rocks  of  France.  Identifying  these  beds  with  those  oi 
Kressenberg  (see  the  Bulletin  of  the  Tienna  Society,  1848,  vol.  iv.  pp.  267,  269, 
and  Leonhard's  Jahrbuch,  1849,  p.  109),  M.  Erfalich  has  dted  from  them  the 
Nautilut  lifiguiatui,  Clypeatter  (Conocfypui)  eonoideut,  C.  Bouei,  and  the  MieroMttr 
puhinatus  (D'Arch.).  As  I  formerly  found  such  Echinoderms  at  Mattsee,  though 
at  that  time  they  were  without  names,  there  can  be  no  sort  of  doubt  of  the  age 
of  the  rock ;  the  Gryphaea  of  the  lowest  beds  being  the  only  secondary  form. 

t  Trans.  Geol.  Soc.  Lond.  vol.  iiL  p.  337.  plate  36.  fig.  5.  The  section  is  so 
drawn  that  the  tertiary  conglomerates  appear  to  be  conformable  to  the  eretaoeons 
masses.    This  is  an  error. 

$  Geol.  Trans,  vol.  iii.  p.  338-9,  pi.  36.  fig.  6. 
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been  described  elsewbere,  and  particularly  at  Sonthofen.  In  refer- 
ring my  readers  to  page  338  of  the  third  volume  of  the  Transactions 
of  Uie  Geological  Society,  I  hare  only  to  request  them  to  consider  the 
great  group  of  the  flysch,  nos.  2,  3  and  4  (Miesenbach  to  Loheim), 
as  overlying  the  nummulitic  strata  nos.  5,  6  and  7>  and  the  whole  falls 
into  order  with  Sonthofen  and  the  Swiss  types.  To  make  that  in- 
structive section  entirely  coincide  with  my  present  views,  I  ought  to 
add,  that  between  the  northern  end  of  the  nummuHtic  grits  and  the 
setting  on  of  the  tertiary  molasse,  the  grand  fault  so  often  alluded 
to  occurs,  and  is  represented  by  piles  of  detritus.  The  truth  is, 
.  that  the  great  external  fault  of  the  Alps  here,  as  in  all  the  other 
places  cit^,  inverting  the  flysch  and  throwing  it  off  to  the  south, 
brings  up,  against  strata  of  pliocene  age,  the  very  oldest  or  bottom 
beds  of  the  eocene  deposit. 

This  great  fault  has,  however,  been  moderate  in  its  operation  in 
Austria  and  on  the  south  slopes  of  the  valley  of  the  Danube,  when 
compared  with  the  gigantic  dislocations  that  accompany  it  in  Bavaria 
(Grunten),  and  in  Switzerland  (Hoher  Sentis  and  Piktus,  &c.),  where 
even  the  neocomian  limestone,  or  the  equivalent  of  the  very  bottom 
of  our  lower  greensand,  is  thrust  up  into  lofty  escarpments,  on  the 
upper  surfaces  of  which  the  overlymg  cretaceous  and  nummulitic 
groups  are  pitched  in  towards  the  Alps,  whilst  that  neocomian  or  the 
oldest  formation  of  the  whole  succession  is  at  once  in  contact  with 
younger  tertiary  nagelflue !  Thus,  whether  we  appeal  to  the  Austrian, 
Bavarian  or  Swiss  sections,  we  perceive  (now  that  we  have  a  true  ac- 
quaintance with  Bxed/oMili/erous  base-lines),  that  there  is  an  ascend- 
ing order  from  the  point  of  junction  with  the  younger  tertiary,  or  in 
other  words,  that  in  the  valley  of  the  Danube,  as  in  the  great  valley 
of  Switzerland,  or  on  the  shores  of  the  lake  of  Constance,  the  under- 
lying members  of  the  series  on  which  in  other  places  the  nummulitic 
group  rests,  rise  up  at  the  very  outside  of  everything  alpine,  and 
often  throw  off  the  younger  portion  of  the  eocene  formations  into 
the  abnormal  position  of  dipping  under  the  great  secondary  limestones 
of  the  chain. 

In  regard  to  the  cretaceous  group  of  Grosau,  it  has  been  already 
remarked  that  it  is  deficient,  both  in  not  possessing  any  solid  lime- 
stone with  fossils  to  represent,  as  in  Switzerland  and  Bavaria,  the 
true  equivalent  of  the  wnite  chalk,  and  also  in  being  void  of  a  distinct 
nummulitic  zone.  I  have,  however,  now  little  doubt,  that  the  sand- 
stone, impure  limestone  and  shale,  which  there  overlie  the  marls,  re- 
cognised by  their  fossils  to  be  cretaceous,  are  representatives  in  time 
of  a  portion  of  the  nummulitic  and  flysch  series  of  other  parts.  In 
fact,  it  may  be  said  of  Grosau,  that  the  htholosical  type  of  the  "  flysch" 
there  descends  not  only  to  the  horizon  of  me  inoceramus  limestone, 
to  the  total  exclusion  of  any  limestone  to  represent  the  chalk,  but 
also  takes  possession  of  nearly  all  the  series  of  beds  which  further 
represent  the  upper  greensand  and  eault ;  the  first  bands  of  hard  and 
coherent  rock  being  the  subcrystalline  hippurite  hmestone,  which, 
like  that  of  the  Untersberg,  near  Salzbui^,  represents  the  neocomian 
formation. 
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At  the  Untersberg,  the  equivalents  of  the  gault,  upper  greensand 
and  chalk,  which  repose  upon  neocomian  umestone  or  hippurite 
marble,  are  marls  and  marlstones,  often  not  unlike  malm-rock,  and 
variegated  green  and  red  bands,  some  of  them  approaching  to  scaglia, 
in  which  Professor  Sedgwick  and  myself  found  Belemnites  and  Bacu- 
lites  with  Inoceramus  Cripsii  (Sow.)  and  Trochiis  linearis.  Next 
come  sandstone  and  calcareous  grit,  with  many  small  nummulites, 
followed  by  other  strata  of  sandstone  and  blue  marl,  in  which  other 
nummulites,  with  Operculinse,  Dentalia  and  Serpulse,  are  associated 
with  shells  having  a  tertiary  aspect.  Two  or  three  species  indeed  of 
these  fossils,  such  as  Auricula  nmulata  (Sow.)  and  DenteUium  grande 
(Desh.),  have  been  considered  identical  with  species  of  the  London 
and  Paris  basin. 

In  following  the  cretaceous  rocks  from  Bavaria  into  Austria,  their 
upper  member  or  the  equivalent  of  the  chalk  is  no  longer  to  be  seen  in 
the  form  of  the  white  limestone,  which  is  so  clear  a  horizon  in  Savoy, 
Switzerland  and  Western  Bavaria.     Even  at  the  sections  of  the  Un- 
tersberg  between  Reichenhall  and  Salzburg,  the  band  containing  the 
chalk  fossils  is,  as  above  stated,  made  up  of  grey,  green  and  red  marls 
and  marlstone.     In  the  valley  of  Grosau,  still  further  to  the  east,  the 
lithological  change  is  still  more  decisive ;  for  not  onlv  is  there  no  trace 
of  a  white  limestone,  but  the  group  so  loaded  with  fossils,  many  of 
which  are  unquestioned  cretaceous  species,  with  many  peculiar  ter- 
tiary-like forms,  consists  of  soil  shale  and  sandy  marl,  vnth  impure 
dark-coloured  limestones.     Reverting  however  to  the  sections  of  the 
strata  above  the  cretaceous  rocks  of  the  Untersberg*,  I  may  affirm, 
that  they  exhibit  the  same  general  ascending  order  as  at  the  Grunten, 
near  Sonthofen,  and  other  places,  t.  e.  from  a  true  cretaceous  zone, 
(the  eouivalent  of  the  chalk  being  in  a  very  different  mineral  state,) 
througn  certain  strata  of  marl  and  sandstone  into  masses  with  num- 
mulites and  shells,  all  of  which  are  unknown  in  the  strata  below.  On 
the  other  hand,  it  is  evident  that  beds  having  the  characters  of  the 
**  flysch,"  are  not  merely  the  expanded  overlying  member  of  the  nnm- 
mulitic  grouD,  but  often  inosculate  with  ban£  of  nummuUtes,  and 
even  descend  as  at  Gosau  into  strata  with  the  true  cretaceous  fossils. 
Again,  we  readily  see,  that  notwithstanding  a  local  dislocation,  the 
highly  fossiliferous  nummuHtic  strata  of  Kressenberg  are  but  a  full 
development  of  one  of  these  upper  bands  of  limestone,  of  which  I  have 
mentioned  many  examples. 

Not  having  personally  revisited  Kressenberg,  I  can  only  suggest 
that  the  intermixture  of  a  few  cretaceous  fossils  with  the  acknowledged 
tertiary  types  of  that  locality  may  be  explainedf  by  their  having  been 
obtained  from  the  Bergmeister  (as  at  Sonthofen,  see  p.  206),  who  may 

*  The  reader  must  be  told,  that  the  tme  cretaceoot  rodc8  with  fossilfl  of  the  age 
of  the  gault  and  chalk,  are  with  great  difficulty  detected  in  the  slopes  between  the 
Untersberg  and  Reichenhall,  owing  to  the  quantity  of  vcffdure  and  detritus  which 
obscure  the  slopes ;  but  although  to  a  great  extent  hidden  and  of  no  great  thick- 
ness, they  certainly  exist  in  the  ravines  mentioned  by  Professor  Sedgwick  and  my- 
self.   See  Geol.  Trans.,  New  Series,  vol.  iii.  p.  346. 

t  See  Trans.  GeoL  Soc.  Lond.  vol.  iii.  p.  344,  note. 
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have  oollected  some  of  the  foims  in  a  truly  cretacepus  rock.  My  friend 
M.  de  Yemeuil^  who  visited  Kressenberg  m  1 847,  has  informed  me  that 
all  the  fossils  associated  with  the  nummulites  are  of  supracretaceous 
forms.  He  has  satisfied  himself  that  the  matrix  of  the  two  sets  of 
fossils  is  quite  distinct,  the  one  containing  the  gault  or  greensand 
fossils  being  an  earthy  chloritic  sandstone,  the  other  a  highly  quart- 
zose  and  ferruginous  rock.  It  is  in  the  latter  only,  which  is  sur- 
mounted by  the  flysch,  that  nummulites  occur,  including  N.  Uemgatay 
Lamk.,  and  N,  eleffans.  Sow.,  of  our  London  clay,  associated  with 
Orbitoidea,  D'Orb. ;  Pygorhynch'us  Cuvieri,  so  abundant  in  the  cal- 
caire  grossier  of  Paris;  Conoclypus  conoideus,  which,  with  other 
species  of  that  genus,  is  so  frequent  in  the  Alps;  and  also  the 
Echinolampas  politus,  Ag.,  common  to  the  Vicentine  and  south  of 
France. 

In  a  word,  there  can  be  no  sort  of  doubt  in  the  mind  of  any  geo- 
legist,  who  has  examined  the  two  locaUties,  that  the  nummulite  rocks 
of  Sonthofen  are  exact  equivalents  of  those  of  Kressenberg.  The 
flysch  at  the  latter,  as  at  Sonthofen,  is  thrown  in  towards  the  chain, 
and  differs  only  from  that  of  Sonthofen  in  the  occurrence  of  a  line  of 
fault  between  it  and  the  beds  containing  nummulites. 

Deferring  for  the  present  the  general  consideration  of  the  fossils  of 
the  nummulitic  rocks,  I  may  remind  the  reader  that  they  do  not  con- 
tain any  one  of  the  prominently  characteristic  types  of  the  chalk, 
such  as  Ammonites,  Belemnites,  Uamites,  Inocerami,  &c.  Hence  I 
think  that  all  geologbts  who  classify  strata  by  their  animal  contents 
combined  with  their  order  of  superposition,  must  admit  that  the  num- 
muhte  and  flysch  rocks  of  the  Alps,  Savoy,  Switzerland,  Bavaria  and 
Austria  belone  to  the  older  tertiary  or  eocene  age,  and  can  no  longer 
be  classed  wim  the  cretaceous  rocks.  The  only  question,  it  seems  to 
me,  which  can  be  mooted  is,  where  the  precise  Ime  between  second- 
ary and  tertiary  should  be  drawn ; — for  example,  whether,  as  I  think, 
immediately  at  the  base  of  the  lowest  band  of  nummulites,  or  still 
lower  beneath  the  flysch-like  and  greensand  beds  (e)  with  one  or  two 
species  of  Gryphaea,  of  which  so  much  has  been  said.  On  this  point 
it  is  sufficient  to  say,  that  wherever  a  true  hthological  passage  and  con- 
formable transition  occur,  the  settlement  of  such  line  of  demarcation 
must  always  be  somewhat  arbitnuy. 

The  opmions  of  the  eminent  geologists  who  have  classified  the 
nummuHtic  and  flysch  deposits  in  the  secondary  rocks,  being  based 
upon  physical  features,  I  must  necessarily  defer  considermg  them, 
until  the  whole  subject  of  the  relations  and  fractures  of  this  zone  be 
reviewed. 

Supracretaceous  or  Older  Tertiary  Rocks  of  the  Southern  Alps 
and  Vicentine. 

The  greater  part  of  a  century  has  elapsed  since  Arduini*  expressed 
his  belief,  that  the  deposits  of  Uonca  and  Bolca,  &c.  were  of  tertiary 
age,  and  that  Fortis  remarked  how  certain  species  of  fossils  from  the 

*  See  Ardnini's  letters. 
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^  Va]  d' Astico  resembled  fonns  pablished  hj 

S  Brander  from  the  London  clay  of  Hamp- 

shire. M.  Brongniart*,  however,  first  sy- 
stematically classified  these  strata  as  older 
tertiary,  and  described  their  organic  re- 
mains, whilst  our  associate  Dr.  Backland 
arrived,  about  the  same  time,  at  a  like  con- 
s  elusion  in  his  general  survey  of  the  A^f- 

"*  J  But  although  there  could  be  little  doubt, 

S  from  the  absence  of  cretaceous  fossils,  and 

•^  the  presence  of  a  multitude  of  genera  having 

I  a  tertiary  facies,  that  these  shelly  masses 

"I  were  younger  than  the  chalk,  the  great 

desideratum  still  remained  of  natural  exhi- 
v^  I  bitions  of  the  true  relations  of  these  strata 

'^  I  to  the  inferior  or  secondary  rocks.     These 

*    .  were  the  more  called  for,  as  some  leading 

"^  joSi:^    geologists  considered  all  the  nummuUte  de- 
*»  posits  of  the  Vicentine  to  be  of  cretaceous 

^  MivnnoooaN  ^'  ^^  ^^  rapid  survey  of  parts  of  the 
« io  <iii«Hma  Vicentine  in  1828,  Sir  C.  Lyell  and  myself, 
having  visited  the  principal  localities  de- 
scribed by  Brongniart  as  "  calcareo-trap- 
p^ns,"  found  these  shelly  deposits  so  com- 
mingled with  and  interrupted  by  basaltic 
^  and  other  eruptive  rocks,   that  we  were 

oi  unable,  any  more  than  our  precursor,  to  de- 

^bp  I  tect  an  order  of  succession.     It  was  afler 

fci  I  my  colleague  had  proceeded  on  his  journey 

'■&  to  the  south  of  Italy  and  Sicily,  that  in 

I  returning  to  England  across  the  Venetian 

0  Alps,  I  obtained  the  desired  proofs  of  that 

1  order,  in  the  clear  and  instructive  natural 
^  sections  on  the  banks  of  the  Brenta  near 
•I  Bassano,  and  again  between  Possagno  and 
^  Asolo.  I  there  saw  the  same  nummuHtic 
•I  and  shelly  beds  as  those  of  the  adjacent 
I  Vicentine,  entirely  free  from  igneous  intru- 
^              sions,  reposing  conformably  on  the  scaglia 

or  the  Italian  equivalent  of  the  chalk,  and 
passing  upwards  into  strata  of  younger  ter- 
tiary age,  the  whole  upraised  m  lines  par- 
,  allel  to  the  direction  of  the  Alpine  chain. 

J  The  figures  of  the  remarkable  sections 

J  near  Bassano  were  published  in  the  '  Philo- 

o  sophical  Magazine,   but  as  that  work  is  in 

S                        i  *  ^^°^^*^  "^  1^  Terrtint  de  S^ment  inp^ 

S                         !  rieors  calcareo-trapp^ns  dn  Yicendn,  par  Alex- 

J  andre  Brongnitrt,  Paris,  1823. 

^                         %  t  See  Annals  of  Philosophy,  Jnne  1821. 
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the  hands  of  few  continental  readers,  I  now  reproduce  them,  with  some 
adciiUous,  as  woodcuts'*',  (figs.  22,  23).     When  these  sections  near 


N.E 


oa  b  e    dd  e  (/')     /  /      g  h  i 

;  Ozfoidiui.     CreUMoot.  Eoctne.  Miocene.  Pliocene. 

(Sob-Apennine.) 

Bassano  were  described,  the  new  nomenclature  of  Sir  C.  Lyell  had  not 
been  announced,  and  the  groups  of  shells  which  there  overlie  the  chaUc 
were  simply  termed  lower  and  upper  tertiary.  These  two  classes  of  ter- 
tiary rocks  were  shown  by  me  to  nave  been  upheaved  in  parallel  lines, 
and  also  partially  to  expose  a  transition  from  one  to  the  other.  And 
now  that  I  have  revisited  the  localities,  and  have  examined  a  much 
-wider  range  of  the  Alps,  I  see  more  than  ever  the  value  of  these  sec- 
tions ;  for  as  the  nummulitic  zone  is  there  conformably  placed  be- 
tween what  I  am  certain  is  the  true  equivalent  of  the  chalk,  and  a 
superior  zone  in  which  younger  tertiary  shells  occur,  the  zone  so  in- 
tercalated, and  which  contains  so  many  true  older  tertiary  forms,  must 
be  the  representative  of  the  eocene.  Nay  more,  the  highly  inclined 
position  of  the  outer  or  younger  tertiary  zone  would,  as  I  formerly 
stated,  seem  to  indicate  that  one  of  the  last  great  upheavals  of  the 
Alps  (redressement)  took  place  after  the  accumulation  of  the  sub- 
Apennine  formation.  I  do  not  by  any  means  wish  to  imply  that  the 
same  elevation  which  raised  the  chalk  and  eocene  deposits  also  raised 
the  younger  tertiary  deposits.  On  the  contrary,  I  believe  that  the 
latter  were  thrown  up  subsequently,  but  in  the  same  direction  as  the 
adjacent  older  depositsf. 

It  has  already  been  stated,  that  a  thick  mass  of  compact  cream- 
coloured  limestone,  with  flints  and  ammonites,  called  *'  biancone,'' 
now  proved  by  its  fossils  to  be  of  neocomian  age  (a),  reposes  on 
Jurassic  rocks  (o),  and  is  surmounted  by  the  whole  mass  of  the  scaglia. 
This  scaglia  (d),  containing  in  parts  Inocerami,  Terebratulse  and 
Ananchytes  ovatus,  and  being  interposed  between  the  neocomian 
and  the  group  of  nummulite  rocks  with  tertiary  fossils  {/,  ff)>  ^  ^^ 
monstrated,  hke  the  "  sewer-kalk  "  of  Switzerland,  to  be  the  equiva- 
lent of  the  chalk.     In  the  headlands  between  Recoaro  on  the  north 

*  My  list  visit  to  Bassano,  Possagno  and  Asolo  was  made  with  the  leading  mem- 
bers of  the  Geological  Section  of  the  Venetian  Meeting  of  the  **  Scienziati  Italiani," 
to  which  I  have  biefore  alluded.  Those  who  will  be  at  the  trouble  of  consulting 
my  original  sections  as  published  in  the  PhiL  Magazine  (vol.  ▼.  June  1829,  p.  401, 
|d.  5)  and  those  now  produced,  will  perceive  that  there  is  nothing  essential  in  the 
one  which  is  not  in  the  other.  The  chief  alteration  is  in  respect  to  the  flexure  or 
fracture  of  the  cretaceous  rocks  near  Bassano  before  they  come  into  contact  with 
tiie  nummulitic  zone. 

t  Although  upon  the  small  scale  the  younger  tertiary  are  drawn  conformable 
to  the  older  in  figures  22  and  23,  there  are  parts  of  the  intervening  tract  between 
Bassano  and  Possagno  where  the  intermediate  sandstones  are  broken  and  reversed* 
Close  research  may  detect  an  interval  between  the  older  and  younger  tertiary. 
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and  Vicenza  on  the  south,  this  scaglia  is  copiously  developed,  and 
may  he  seen  in  numerous  sections  underlying  the  numinulitic  limestones. 
Near  Val  d*A^o,  to  the  south  of  Recoaro,  the  scaglia  with  its  cha- 
racteristic fossils  is  directly  overlaid  (as  expressed  in  this  woodcut)  hy 

Fig.  24. 
RelatUmt  qf  Lignite  to  Scaglia  and  Nummufite  Lime$ftme. 

8.       N.B.  In  this  flKure  the  north  haa  hcen  accidentally  rerened.       N. 


/.  Nummulite  limestone. 
e.  lignite  coal  shale. 


Scaglia  or  dialk. 


seams  of  coal  worked  for  use  in  that  neighbourhood,  which  lie  in  shales 
that  dip  away  from  the  older  rock,  and  pass  under  the  adjacent  hills  of 
nummulitic  limestone.  In  fact,  these  coal-beds  occupy  the  same 
place  as  those  of  Entrevemes  in  Savoy,  of  the  Diableretz,  and  of  the 
Beattenberg  in  the  canton  of  Berne  (see  p.  189).  There  are,  indeed, 
other  localities  in  this  reeion  where  the  nummulitic  rocks  are  equally 
characterized  by  contaimng  lignites  or  coal,  as  at  Monte  Bolca,  and 
at  Monte  Viale  near  Vicenza,  where  it  occurs  in  the  escarpment  of 
the  well-known  coralline  limestone  of  that  insulated  mount. 

In  the  tract  between  Vicenza,  Schio  and  Verona,  the  various  se- 
dimentary deposits  are  so  penetrated  by  different  eruptive  rocks, 
whether  porphyries,  trachytes,  greenstones,  basalts  or  serpentines, 
and  peperino,  that  the  dislocations  and  interruptions  are  frequent, 
and  the  original  order  of  succession  with  difficulty  observed,  particu- 
larly around  Ronca,  Montecchio  Maggiore,  and  other  localities  noted 
for  their  organic  remains.    To  the  west  of  Schio,  however,  and  above 


Fig.  25. 


tf.  She 


Dykes.  rf*  «       /     EruptiTc  rocks. 

Smulite  limestone.  d*.  Red  scaglia  and  white. 

y  volcanic  grit.  c.     Grey  acaglia. 

the  town  of  Magra,  another  instructive  section  is  exposed  (fiff .  25), 
the  base  being  composed  of  the  red  and  white  scaglia,  in  which  Ino- 
cerami,  Terehratuta  incurva,  Ananchytea  tuherculatua  and  other 
fossils  occur,  whilst  the  summit  is  occupied  by  strong  bands  of  num- 
mulitic limestone.  The  beds  being  only  slightly  inclined,  a  perfect 
conformil^is  observable,  as  well  as  a  transition  from  one  group  to  the 
other.  There  are  here  no  coal-seams,  but  towards  its  upper  limits  the 
red  fissile  scaelia  {d^)  alternates  several  times  with  basaltic  trap  tuff, 
some  of  the  highest  beds  of  which  above  the  scaglia  are  just  as  much 
loaded  with  nummulites  as  the  hard  grey  nummulite  limestone  (/) 
which  crowns  the  hill.  The  manner  in  which  certain  bands  of  these 
tuffs  are  thus  interlaminated  with  the  nummulitic  strata  here,  and 
with  other  shelly  strata  of  this  age  in  the  adjacent  tracts,  induces  me 
to  think  that  they  were  volcanic  dejections  formed  contemporaneously 
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with  the  submarine  deposits, — a  class  of  strata  now  too  well  known 
to  require  Airther  illustration  f.  At  the  same  time  I  know  that  this 
region  also  abounds  in  igneous  rocks  of  a  truly  eruptive  character 
which  have  penetrated  and  cut  through  the  whole  of  the  stratified 
masses.  Examples  of  both  these  classes  of  former  volcanic  or  plu- 
tonic  action  are  sometimes  to  be  seen  in  the  same  hill,  as  exhibited  in 
the  above  woodcut.  The  chief  masses  or  ledges  of  nummulitic  Ume- 
stone  which  thus  surmount  the  scaglia,  dip  on  the  whole  southwards 
to  pass  under  the  marls,  tuffs,  sands  and  limestone  of  the  undulating 
hills  of  the  Yicentine,  and  thus  the  nummuhtic  Umestone  is  fairly 
seen  to  constitute  the  base  of  that  shelly  group,  even  in  a  tract  much 
traversed  by  basaltic  matter.  But  in  proceeding  to  the  west  and 
south-west  of  Schio,  the  igneous  rocks  so  abound,  that  a  regular 
sequence,  I  repeat,  is  not  traceable  for  any  considerable  distance.  To 
the  north  of  St.  Orso  near  Schio,  indeed,  the  effects  of  the  intrusion 
of  a  great  mass  of  porphyry  have  been  such  as  completely  to  invert 
the  strata  and  to  fold  back  the  cretaceous  rocks  and  make  them  over- 
lie first  the  nummuhtic  and  then  the  other  and  younger  tertiary 
rocks  ^,  as  expressed  in  the  diagram  (fig.  26).     This  point  will  be 

Fig.  26. 
K.N.w.  Ifwerted  Strata  s.s.E. 


p  nbci^dtff  g 

0.  PorphyiT.  (i'  White  Maglia.         g.  Sandy  Umestone  (youngest  beds). 

Cretaceous.    ^    q^^  scaglia.        ./.  Sand  and  clay.  V  Eocc 

La  &  h.  Neocomian.      e.  Shelly  tuff  and  bone-beds,  j 


reverted  to  when  the  dislocations  and  inversions  in  the  Alps  are  con- 
sidered, and  I  now  proceed  very  briefly  to  direct  attention  to  the  clear 
and  imambiguous  sections  of  Bassano  and  Asolo  (figs.  22  &  23),  which 
have,  in  fact,  proved  to  be,  what  I  ventured  to  suggest  so  many  years 
ago,  the  best  expositions  of  the  true  normal  succession  from  the  cre- 
taceous to  the  tertiary  rocks  which  have  anywhere  been  observed  on 
the  flanks  of  the  Alps.  (See  back,  pp.  218,  219.) 

On  the  right  bank  of  the  Brenta  at  Campese,  a  Uttle  above  Bassano, 
the  neocomian  and  scaglia,  which  range  in  great  undulating  terraces 

t  M.  Brongniart  has  described  in  some  detail  these  rocks,  which  he  has  called 
"  <^careo-trapp^ns.''  I  only  differ  from  my  lamented  friend  in  considering  some 
of  his  "  brecciole  "  as  heing  contemporaneous  with  the  deposits. 

\  In  common  with  all  the  members  of  the  Geological  Section  from  Venice,  I 
was  excetE^ingly  obliged  to  my  able  friend,  M.  Pasini,  for  the  pains  he  took  to 
make  me  better  acquainted  with  the  interesting  tract  around  Schio,  Recoaro,  and 
the  Setti  Communi,  with  which  he  has  been  so  long  cbuTcrsant.  The  tract  which 
has  given  birth  to  Arduini,  Brocchi.  Fortis,  Mazzari  Pencati,  Maraschini,  and 
Pasini,  may  well  be  considered  classical  in  geology.  In  this  region  every  variety 
of  dislocation  is  to  be  seen  vrith  much  metamor[^ism  of  mineral  structure ;  and 
yet  it  is  here  that  the  best  development  of  the  trias  is  disphiyed,  as  well  as 
a  copious  series  of  Jurassic,  cretaceous  and  tertiary  deposits. 

VOL.  V. — PART  I.  a 
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oyer  the  summits  of  the  Setti  Communi  within  the  chain  of  the  Alps 
(see  fig.  22),  are  brought  down  bj  rapid  flexures  to  occupy^  as  before 
said,  vertical  positions  on  the  edge  of  the  lower  country  * .  To  the  red 
and  white  scaglia  (d)  so  placed  on  both  banks  of  the  Brenta  succeed 
sandy  marls  and  stone-bands  which  form  the  base  of  the  noinmnlitic 
group  formerly  described.  Vertical  ledges  (/)  of  nummulitic  lime- 
stone  follow.  This  inclination  is  continued,  as  far  as  can  be  obseired, 
through  the  whole  space  occupied  by  the  city  of  Bassano ;  for  after 
passing  over  the  edges  of  a  great  thickness  of  marls,  impure  lime- 
stone, sands,  &c.  (a,  h),  few  of  which  are  well  exposed,  the  section  ter- 
minates towards  the  flat  country  on  the  south  in  the  conical  hillock 
of  Monte  Grado  composed  of  sandstone,  calcareous  grit  and  pebbly 
conglomerate  (t),  the  beds  of  which  strike  parallel  to  the  rest  of  the 
ascending  series,  and  dip  75°  to  80°  to  the  south.  I  have  only  to  add, 
that  the  Oatrea  Virginica  and  the  shells  found  in  the  outermost 
conglomerate  are  of  pliocene  age,  whilst  the  nummuhtic  and  lower 
masses  near  the  sca^ia  are  of  the  same  date  as  the  older  tertiaiy 
accumulations  of  Ronca,  Castel  Gromberto,  &c. 

The  section  from  the  scaglia  of  Possagno,  on  the  edge  of  the  Alps,  to 
Asolo,  at  the  exterior  of  the  tertiary  series  of  this  region  (fig.  23),  is 
much  more  developed  in  its  middle  and  upper  portions,  though  the 
junction  of  the  nummuhtic  strata  with  the  scaelia,  so  well  seen  at  Bas- 
sano, is  not  exhibited,  the  strata  haying  been  denuded  in  the  Val  d'Ur- 
gana.  I  betieve  that  this  valley  was  formerly  occupied  by  the  same 
slightly  coherent  strata  of  shale,  marl  and  green  sandstone  («),  which 
in  the  Bavarian  and  Swiss  Alps  mark  this  horizon.  The  lowest  tertiary 
beds  visible  to  the  north  of  Possagno,  and  quite  conformable  in  strike 
and  inclination  to  the  underlying  scagUa,  are  marls  of  darkish  colour, 
occasionally  ferrugmous  and  sandy,  with  fungise  and  other  polypes, 
and  many  of  the  fossils  so  well  known  at  Monte  Ronca  and  in  the 
Berici  Hills(/').  Then  follow  calcareous  grits  and  nummulitic  lime- 
stones (/)  with  Fu9M  UmgtBvus,  which  passing  up  into  hard  white 
courses  are  surmounted  by  a  yellowish  subconcretionary  impure  sandy 
hmestone  with  blue  fossiuferous  marls  in  which  pectens  first  appear. 
Next  comeyellow  sandy  limestone  and  calcareous  gritwith  green  grains, 
containing  pectens  and  echini.  This  mass  {g)  is  of  considerable  thick- 
ness, and  is  very  similar  to  some  of  the  calcareous  green  sandstones 
of  Switzerland,  there  associated  with  the  nummuUte  limestones.  Over- 
lying this  ''  elauconie  grossi^re "  is  a  small  concretionary  mottled 
dark  erey  and  cream-coloured  Hmestone,  loaded  with  foraminifera, 
in  which  nummulites  sometimes  occur.  This  rock  is  well  exposed 
at  Castel-Cucco,  where  it  has  been  largely  quarried,  and  the  co- 
lumns of  Canova's  church  of  Possagno  are  bimt  of  it.  The  strata 
of  marl,  shale  and  sand  which  succeed  to  the  south  of  Castel-Cucco  (A) 
are  badly  exposed  in  low  undulating  grounds  with  devious  dips ;  but 
on  reaching  the  outer  tertiary  ridge  of  the  Asolan  Hills,  a  good,  well- 
defined  order  is  exposed,  first,  in  an  escarpment  in  which  blue  marls, 

*  See  Bull.  GeoL  Soc.  Fr.  torn.  iv.  p.  56,  7th  Nov.  1842,  where  M.  de  Ziguo 
conftnns  my  fonner  view  of  the  general  relations  of  the  secondary  to  the  tertitry 
rocks. 
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Terj  like  the  subapennine  marls  of  Brocchi,  dip  uDder  yellow  sand- 
stones and  pebbly  conglomerates  like  those  of  Monte  Grado  near 
Basflano  (t).  In  the  marls  are  the  Fenericardia  eostata.  Area  Di- 
Imni,  Pyrula  elatkrata^  with  species  of  the  genera  Murex,  Natica, 
&c,,  wlucl^  clearly  characterise  the  bine  mans  of  the  snbapennine 
strata;  whilst  the  large  Ostrea  Virginica  is  found  in  the  overlying 
yellow  limestones  and  conglomerates.  Being  aware  that  M.  de  Zigno, 
who  has  already  written  on  the  subject,  and  has  sustained  my  former 
riews,  is  about  to  publish  a  detailed  account  of  all  the  species  in 
the  tertiary  fossiliferous  strata  of  the  tract  betweoi  the  Brenta  and 
the  Piave,  I  will  not  attempt  to  give  pakeontological  details.  I  will 
merely  now  say,  that  from  the  order  of  the  strata  and  from  the  fossil 
shells  which  our  party  collected,  and  also  from  those  we  inspected  in 
the  museum  of  M.  Parolini  of  Bassano,  I  still  entertain  no  doubt  that 
the  sections  afford  an  ascending  series  from  the  surface  of  the  chalk 
up  into  deposits  of  the  subapennine  age.  M.  Ewald  of  Berlin*,  an 
excellent  palaeontologbt,  who  in  common  with  M.  Leopold  von  Buch, 
M.  de  Yemeuil  and  myself,  regarded  all  the  lower  portion  as  eocene, 
thought  that  the  sandy  bands  and  calcareous  grits,  which  there  lie 
above  the  nummulitic  group,  might  prove  to  be  the  equivalents  of  the 
miocene. 

But  it  b  with  the  nummulite  group  that  we  are  now  occupied,  and 
I  must  leave  to  local  observers  the  future  details  and  exact  delimi- 
tation of  each  tertiary  subdivision.  It  is  enough  for  me  to  prove 
that  the  cretaceous  system  is  here  distinctly  and  conformablv  over- 
laid by  true  lower  tertiary  deposits,  and  that  the  facts  which  I  an- 
nounced so  long  ago  have  now  been  amply  verified ;  viz.  that  tertiary 
rocks,  both  lower  and  upper,  are  in  this  tract  parallel  to  the  secondary 
rockjs,  and  have  been  upheaved  and  set  on  edge  by  forces  which  also 
affected  the  adjacent  Alps.  The  lower  tertiary  group  is  specially 
characterized  between  Bassano  and  Possagno  by  containing,  in  addi- 
tion to  nummulites,  Fu9U9  longtetnu,  F,  intortw,  Pleurotoma  semi- 
colon, Turritella  imbrieataria,  and  a  whole  suite  of  shells  and  many 
corals  completely  distinct  from  those  of  the  chalk,  and  which  are 
either  known  tertiary  forms  of  Northern  Europe,  or  species  peculiar 
to  the  localities.  In  following  the  same  zone  westwards  into  the 
Br^onze  Hills,  and  the  tracts  around  Yicenza  and  Schio,  or  to  the 
interesting,  isolated  hill  called  Monte  Yiale,  it  is  seen  to  contain  all 
the  species  enumerated  by  Brongniart,  among  which  the  following 

*  Highly  Taloed  and  esteemed  by  M.  von  Bnch  tnd  all  the  eeologists  and 
palseontologists  of  his  country,  M.  Ewald  seems  almost  to  shun  publication.  The 
views  which  he  put  forth  at  the  Venice  meeting  were  eagerly  caught  up  by  all 
his  auditors.  He  has  since  written  to  me,  insisting  on  the  indisputable  zoological 
prooft  that  these  deposits  are  eocene.  He  has  not  seen  the  spiecies  of  Gryphaea 
which  I  collected  in  the  Northern  Alps,  and  which  has  been  named  G,  veti- 
euUna^  but  he  contends  that  the  species  of  this  genus  known  in  the  Vicentine, 
and  published  by  Brongniart  as  G,  columba,  is  not  a  known  cretaceous  fossil. 
At  the  same  time  he  admits  that  the  Terebratula  agmt-ierpentii  rises  from 
the  chalk  into  the  eocene  deposits.  It  is  to  be  hoped  that  M.  Ewald  will  soon 
be  enabled  to  resume  his  journeys  southwards,  and  thus  complete  a  catalogue 
of  all  the  fossils  of  the  nunmiulitic  group,  in  which  he  has  already  made  great 
progress. 

R  2 
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fell  under  my  own  notice,  Cerithium  giganteumt  Cerithium  Mttra- 
schini  (Brong.),  (which  M.  Ewald  assures  me  is  the  C.  hexagoKum 
(Brug.)  of  the  Paris  hasin),  Crassatelia  sulcata  (Sow.),  Nerita  co- 
noidea,  Bulla  FartisiL  Among  the  conchifera  are  the  Pfioladomya 
Puachii?  (Goldf.),  the  Cardium  Theresat  of  Nice,  whilat  the  Spon- 
dylus  cisalpinus  (Brong.)  and  certain  Pectens  are  as  common  as  in 
the  nummulitic  rocks  of  the  Northern  Alps.  The  Echinoderms  of 
this  tract  are  equally  decisive  of  a  supracretaceous  deposit ;  for  they 
chiefly  helong  to  the  genera  Schizaster,  Scutella  and  Echinolampas, 
which  are  unknown  in  the  chalk,  but  which  also  occur  in  the  num^ 
mulitic  deposits  of  Switzerland  and  Bavaria. 

In  an  excursion  through  the  lofty  table-land  of  the  Setti  Commnni, 
I  saw  the  lowest  tertiary  beds,  containing  Cerithium  giganteum  as 
well  as  nummulites,  reposing  conformably  on  slightly  inclined  strata 
of  the  red  and  white  cnalk  or  scaglia  at  the  height  of  about  5000 
feet  above  the  sea.   This  position  is  expressed  in  the  diagram  (fig.  22), 
which  shows  how  the  same  movements  of  elevation  and  undulation 
which  threw  the  lower  tertiary  group  into  a  vertical  position  on  the 
external  flank  of  the  cretaceous  rocks  at  Bassano,  had  raised  fragments 
of  it  at  Gallio,  near  Asiago,  on  the  surface  of  similar  rocks  amid  the 
summits  of  the  adjacent  mountains.     Again,  in  the  Kalisberg  moun- 
tain which  overlooks  the  city  of  Trent  on  the  east,  the  uppermost 
cliffs  of  sandy  yellow  limestone,  which  at  a  distance  weaker  like 
dolomites,  were  found  by  MM.  von  Buch,  de  Vemeuil  and  myself  to 
be  nummulitic  rocks  overlying  the  Jurassic  and  cretaceous  systems*. 
In  these  strata  we  coUectea  the  Nerita  conoidea  and  Valuta  ambigua, 
well-known  species  of  the  calcaire  erossier  of  Paris,  together  with 
the  Lucina  Corbarica  (Leym.),  and  several  species  of  Echini,  in- 
cluding the  Eupatagus  amatu9  (Desor),  the  Echinolampas  subsi- 
milis   (D'Archiac)   and   the   Pygorhynchua  subeylindrieus   (Ag.), 
both  of  Biaritz,  and  the  Echinocyamus  profundus  (Ag.)    of  the 
nummulitic  rocks  of  the  Swiss  Alps.     At  Sardagna  (Trent)  on  the 
opposite  bank  of  the  Adige,  the  nummulitic  hmestone  with  Echini, 
Crustacea,  Pectens,  and  the  Spondylus  cisalpinus  so  well  known 
at  Castel  Gomberto,  &c.,  also  overhes  white  inoceramus  hmestone ; 
thus  exhibiting  precisely  the  same  succession  as  at  Sonthofen  and 
many  other  places  in  the  North-western  Alps.      These  nummu- 
Htic  beds,  according  to  M.  Perini,  occur  also  at  the  height  of  not 
less  than  7000  feet  above  the  sea,  in  the  peak  of  Monte  Bondone, 
to  the  south-west  of  Trent.     The  same  tertiary  deposits,  therefore, 
which  form  mere  hillocks  on  the  south  flank  of  the  Alps,  and  which 
in  some  places  (Bassano,  &c.)  are  raised  conformably  into  vertical 
walls,  flanking  the  cretaceous  rocks,  have  been  carried  up  to  great 
altitudes  within  the  chain,  where  they  bear  the  same  relation  to  the 
cretaceous  formation  as  the  nummuhtic  rocks  and  flysch  of  Switzer- 
land and  the  Northern  Alps. 

*  In  the  musenm  of  M.  Menapace,  of  Trent,  we  observed  the  Inocenmnu  my- 
tHoidea  and  Terebratula  tubglobosa  of  the  chalk,  which  that  zealous  collector,  u 
well  as  M.  Perini,  who  accompanied  us  to  the  Kalisberg,  assured  us  were  inva* 
riably  found  under  the  nummulitic  rocks.  Most  of  the  fossils  above  cited  were 
found  by  M.  Menapace. 
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In  resumiDg  the  consideration  of  the  deposits  which  in  the  Yieentine 
and  adjacent  countries  overlie  the  scaglia  or  chalk,  I  may  add  that  they 
sometimes  consist  of  strata,  more  or  less  sandy,  which  alternate  with 
marls  and  graduate  up  into  sandier  hands  of  greenish  calcareous  grit. 

In  some  tracts  so  much  green  earth  is  disseminated  in  this  series, 
that  near  Schio  where  such  is  the  case,  and  where  the  strata  have  heen 
inTerted,  as  before  said,  by  the  porphjrry,  this  band  was  considered 
by  the  older  geologists  to  be  the  secondary  or  cretaceous  greensand. 
Professor  Catullo  has  shown,  in  a  recent  publication,  to  what  a  great 
extension  this  zone  attains  in  the  FriuH.  There  it  is  characterized 
by  a  Pholcuhmya,  which  is  scarcely  to  be  distinguished  from  the 
P.  margaritacea  of  the  London  clay*.  Passing  over  for  the  present 
all  the  next  overlying  strata  in  this  section,  which  the  palaeontolodsts 
of  our  par^  believed  would  prove  to  be  of  miocene  age  when  tully 
examined,  I  have  here  only  to  repeat  what  I  stated  in  my  former 
memoir  of  the  year  1829,  that  the  highest  deposits  of  the  whole  series 
contain  many  true  subapennine  shells,  and  that  the  beds  in  which  they 
lie  are  apparently  linked  on  to  those  we  are  now  considering. 

In  r^ard  to  Monte  fiolca,  near  Verona,  so  famous  for  its  fossil 
fishes,  I  unhesitatingly  affirm  that  it  is  of  true  lower  tertiary  age.  In 
company  with  Sir  C.  Lyell  I  made  sections  of  it  and  of  the  adjacent 
Monte  Fostale  in  1828,  which  leave  no  sort  of  doubt  that  the  strata 
are  simply  continuations  of  the  eocene  deposits  of  the  adjacent  Yieen- 
tine. Marly,  whitish  and  yellowish  limestones,  occasionally  mottled 
with  bluish  grey  and  brown  colours,  are  on  the  whole  subordinate 
to  bands  or  mounds  of  peperino,  and  are  also  distinctly  traversed  by 
dykes  of  the  igneous  and  basaltic  rocks  described  by  Brongniart. 

Whilst  the  latter  are  certainly  posterior,  and  have  in  many  cases 
altered  the  contiguous  limestone,  the  peperino  must,  I  conceive,  be 
viewed  as  the  resist  of  submarine  volcamc  dejections  contemporaneous 
with  the  other  deposits,  the  heat  attending  the  evolution  of  which 
may  have  destroyed  the  fishes  of  a  former  well-tenanted  bay  of  the 
sea,  just  as  on  a  recent  occasion  shoals  of  them  were  killed  on  the 
coast  of  Sicily  when  Graham's  island  arose  from  the  deep.  Notwith- 
standing this  abundance  of  eruptive  matter,  quite  enough,  however, 
of  the  original  sedimentary  deposit  remains  to  show,  that  it  b  entirely 
distinct  in  lithological  and  zoological  characters  from  any  portion  of 
the  scaglia  or  chdk  which  flanks  it  on  the  north.  Thus,*  hgnite  coal 
here  occurs  in  the  same  position  as  cited  in  previous  pages  in  the 
Savoy  and  Swiss  Alps,  and  at  Yal  d*Agno  and  Monte  Viale  in  the 
adjacent  Yieentine ;  whilst  the  plants,  including  dicotyledonous  trees, 
palms,  cocoa-nuts,  and  certain  aquatic  forms,  are  pronounced  by  Dr. 
linger  to  be  eocene  typesf.  Nummulites,  indeed,  occur  between 
the  lower  and  upper  fish-quarries,  among  which  I  collected  the  small 
N.  globultis  ana  the  N,  millecaput,  and  with  these  are  associated 

*  1  have  mislaid  the  note  which  I  made  concerning  the  other  fossils  of  this 
lower  tertiary  greensand,  but  besides  Ostreae,  1  apprehend  that  it  contains  a 
peculiar  Gryphsea,  like  the  G,  columba  ?  ?  of  Brongn.  of  Montecchio  Maggiore. 

t  See  also  M.  Adolphe  Brongniart's  description  of  some  of  the  plants  collected 
by  his  father  (Mem.  du  Mus.  d'Hist.  Nat.  vol.  viii.  p.  343). 
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numerous  AlveolituB,  Whilst  mounds  of  peperino  (occasionAlly  how* 
ever  containing  nummulites)  occupy  the  upper  conical  summits  of 
Monte  Bolca,  oyerlying  the  dislocated  and  variously  inclined  lime- 
stones, true  tertiary  shells  are  seen  both  in  the  limestones  of  Monte 
Bolca  itself  and  of  its  neighbour  Monte  Postale.  Among  these  shellfl 
are  Natica,  Fusus,  Buccinum,  Ostrea  and  small  Aricuk,  with  Tere- 
dina  closely  resembling  the  T,  personata  of  the  London  day.  We 
have  thus  abundant  proof  of  the  age  of  this  deposit ;  but  when  the 
fishes  are  appealed  to,  they  speak  me  same  language  still  more  deci- 
sively than  tnose  of  Glarus  in  Switzerland.  Of  the  133  species  enu- 
merated and  described  by  Agasaiz,  many  are,  it  is  true,  peculiar  and 
unknown  elsewhere,  but  as  at  Ghurus  there  are  genera,  and  in  much 
greater  quantity,  which,  wholly  unknown  in  any  secondary  rock,  are 
still  living  in  our  seas ;  viz.  Fistularia,  Vomer,  Torpedo,  Lophius,  Dio- 
don.  Rhombus,  Clupsea  and  Anguilla.  The  presence  alone  of  many 
species  of  herrings  and  eeU  completes  the  proofs  drawn  from  other 
sources,  that  the  deposits  of  Monte  Bolca,  like  all  the  other  num- 
mutitic  rocks  of  the  Alps,  must  be  completely  severed  from  the  chalk» 
and  be  considered  a  true  lower  tertiary  formation. 

Most  geologists  must,  indeed,  have  oeen  disposed  to  adopt  this  con- 
clusion from  Uie  tabular  arrangement  of  Agassiz,  who,  whde  the  sub- 
ject was  still  a  matter  of  doubt,  prudently  placed  the  ichthyoUtes  of 
Monte  Bolca,  together  with  those  of  Monte  Libanon,  as  a  special 
group  between  the  cretaceous  and  tertiary  deposits.  I  now,  how- 
ever, revert  to  the  old  opinion  of  Fortis,  and  definitively,  I  hope, 
class  the  Bolca  deposit  as  a  true  lower  tertiary  rock. 

I  may  terminate  this  portion  of  the  memoir  by  saying,  that  when 
we  compare  the  Yicentme  and  Veronese  eocene  deposits  with  the 
nummuhtic  rocks  of  the  Savoy,  Swiss  and  Bavarian  Alps,  we  find 
as  much  assimilation  as  can  be  expected  to  occur  in  deposits  of  the  same 
age,  but  of  dissimilar  composition,  which  he  at  some  distance  from 
each  other,  and  have  manifestly  been  separated  by  intervening  lands. 
In  both,  the  true  equivalents  of  the  chatk  are  overlaid  by  limestones, 
in  which  some  of  the  sasne  species  of  nummulites  appear  interstratified 
with  and  overlaid  by  deposits  in  which  are  many  of  the  same  shells ; 
whilst  the  most  striking  parallelism  is  marked  by  the  abundant 
echinoderms  of  the  two  r^ons — all  quite  distinct  from  those  of  the 
preceding  sera.  In  short,  the  deposits  on  the  south  as  on  the  north 
slopes  of  the  Alps  are  proved,  by  their  oreanic  remains  and  superposi- 
tion to  rocks  containing  chalk  fossils,  to  oe  of  the  lower  tertiary  age, 
provided  the  groundwork  of  the  classification  previously  adopted  by 
geologists  be  not  entirely  changed. 

In  many  natural  sections,  where  the  disruptions  so  frequent  in  this 
chain  have  not  interfered,  the  evidences  are  complete  as  to  a  former 
continuous  deposit  fi'om  the  surface  of  those  strata  in  which  any  cre- 
taceous fossib  are  discernible,  through  a  vast  series  of  strata  in  which 
all  the  vestiges  of  life  belong  to  a  new  sera.  What  then  can  these 
nummulite  deposits,  whether  in  the  Vicentine  or  in  the  Swiss  Alps, 
be,  but  true  eocene  ?  If  there  be  geologists  who  are  not  swayed  by  the 
evidences  of  organic  remains  only,  still  they  must  surely  be  influenced 
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by  the  exbtence  of  a  great,  eon/armable  and  eontinuaus  succession  of 
faaelj  laminated  strata,  the  deposit  of  which  heing  clearly  proved  to 
begin  after  the  accumulation  of  the  limestones  with  true  chalk  fossils, 
has  gone  on  uninterruptedly  durine  long  ages.  The  united  group  of 
the  nummuUte  limestone  and  fljsch  of  the  Swiss  Alps,  as  well  as  th6 
great  nummuUtic  and  shelly  accumulations  of  the  Vicentine,  are  in- 
deed more  stupenduous  monuments  to  mark  the  lapse  of  time  than 
any  of  the  so-called  eocene  deposits  in  Northern  Europe.  This  phse- 
nomenon  of  a  foller  eocene  development,  at  least  of  all  its  lower  part, 
in  Southern  Europe,  is  quite  consonant  with  the  facts  eUcited  by  the 
geologist.  In  Northern  Europe  a  hiatus  is  very  generally  seen  be- 
tween the  surface  of  the  chalk  and  the  lowest  eocene,  occasioned 
doubtless  by  very  considerable  disturbance  at  that  sera.  In  number- 
less places  the  surface  of  the  chalk  has  been  abraded  by  the  action  of 
tumultuous  waves,  and  the  strata  have  been  dislocated  before  the 
tertiary  strata  were  accumulated  thereon :  not  so  originally  in  the 
Alps.  There,  the  submarine  deposits  having  in  many  parts  been 
continuous  throughout  both  periods,  we  are  necessarily  presented 
(where  subsequent  dislocations  have  not  obscured  them)  with  a 
grander  series  of  strata.  In  r^ard  to  the  enormous  thickness  of 
"  flysch"  which  overUes  the  zone  of  nummuhtes  and  other  recogni- 
zable fossils,  and  in  which  very  little  of  organic  form,  save  fucoids  and 
a  few  fishes'  teeth  and  scales,  and  an  occasional  cast  of  a  shell,  have 
been  detected,  we  can  scarcely  say  more  than  that,  from  the  inti- 
mate association  and  intercalaidon  of  these  rocks  with  nummulites, 
we  must  presume  that  they  were  simply  the  copious  accumulations  of 
a  deep  sea  of  that  sera  in  which  animal  life  was  scarce.  It  is  however 
to  be  noted,  that  the  well-preserved  ichthyolites  of  the  Glarus  slates, 
which  unquestionably  occur  in  one  of  the  lower  bands  of  flysch,  are 
highly  important  evidences,  and  not  less  so  that  they  are  accompanied 
by  the  bones  of  a  bird  and  a  tortoise.  The  fishes  of  Monte  JBolca, 
their  position  and  their  association  with  nummuhtes,  enjoin  still  more 
forcibly  the  same  conclusion.  The  fucoids  of  this  deposit  are  indeed 
of  little  value  in  geological  classification.  For  although  in  the  Swiss 
and  Bavarian  Alps  they  mark,  as  far  as  I  know,  the  upper  portion  of 
the  group  we  are  now  considering,  there  are  forms  saia  to  be  similar 
in  the  Italian  Alps  which  occur  in  the  grey  or  lower  chalk  beneath 
the  red  scaglia.  And  this  is  just  what  we  might  expect ;  it  being 
almost  an  established  law  in  the  distribution  of  organic  remains,  that 
the  higher  the  organization  the  more  neatly  defined  is  its  stratigra- 
phical  horizon.  Vegetables  of  so  low  a  class  as  fucoids,  and  so 
adapted  for  enduring  physical  changes,  may  therefore  have  continued 
to  hve  on  in  spite  of  those  grand  mutations  which  may  have  often 
interfered  with  animal  life. 

It  may  be  objected  that  the  "  flysch"  of  the  North-western  and 
Austrian  Alps  is  not  obviously  displayed  in  the  same  mineral  form 
on  the  flanks  of  the  Southern  ana  Venetian  Alps.  But  even  there 
the  yellowish  and  green  sandstone,  and  bands  of  marl  and  schistose 
limestone  which  are  associated  with  the  nummuUte  zone,  may  well 
be  viewed  as  representatives  of  the  North  Alpine  flysch.     It  is,  iix 
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fact,  from  the  identity  of  the  rocks,  and  the  belief  in  a  sunilar  position 
of  the  Italian  tnacigno  (upper)  and  the  flysch  of  the  Swiss,  that 
M.  Studer  has  recently  styled  the  latter  ^'macigno  alpin."  In 
treating  of  the  Carpathians  and  Apennines  it  will,  however,  be  shown 
to  what  a  limited  extent  the  "gres  des  Carpathes,"  and  the  Italian 
"  macigno,"  are  to  be  identified  with  the  nummuUtic  or  lower  tertiary 
flysch ;  for  in  both  these  regions  it  happens,  that  the  same  litholog;ical 
type  of  sandstones  (often  green)  pervades  vast  thicknesses  of  strata, 
some  of  which  are  of  upper  seconoary  and  others  of  lower  tertiary  age. 

On  the  younger  Tertiary  Rocks  of  the  Alps,  and  on  the  extent  to 
which  they  represent  the  Miocene  and  Pliocene  of  Geologists. 

In  all  parts  of  the  Northern  Alps  there  are  evident  signs  of  a 
marked  interval  between  the  last-formed  strata  of  eocene  age  and  the 
next  overlying  deposits,  which  every  one  has  admitted  to  be  tertiary. 
In  contrast  with  the  apparent  conformable  superposition  of  the  over- 
lying tertiary  strata  to  the  eocene  on  the  flanks  of  the  Venetian  Alps 
near  Bassano,  already  alluded  to,  and  in  parts  of  Italy  to  which  I 
shall  afterwards  advert,  the  genend  phenomenon  along  the  northern 
edge  of  the  Alps,  is  that  of  a  grand  dislocation  between  such  masses. 
In  other  words,  it  is  clear  that  between  the  upper  portion  of  the 
"  flysch,"  and  the  lower  portion  of  any  tertiary  formation  of  subse- 
quent date,  there  is  so  great  a  break  and  unconformity  as  quite  suffi- 
ciently to  account  for  the  absence  either  of  the  uppermost  eocene,  or 
of  the  lower  part  of  the  miocene  of  other  countries. 

Professor  Studer,  who  has  so  long  and  so  minutely  studied  the 
molasse  and  nagelflue  of  his  native  country,  has  as  yet  in  viun  sought 
for  any  section  which  exhibits  a  physical  connection  between  the  base 
of  these  deposits  of  molasse  and  tne  upper  portion  of  the  strata  we 
have  been  considering.  Thus  dissevered  from  pre-existing  strata,  the 
molasse  and  nagelflue  conglomerates  are  constantly  thrown  up  at  all 
angles  of  inclination,  not  onlv  to  verticality,  but  beyond  it ;  and  on 
lines  usually  parallel  to  the  direction  which  has  been  impressed  on  the 
pre-existing  masses  of  the  chahi,  viz.  from  W.S.W.  to  E.N.E.  The 
manner  in  which  many  of  these  tertiary  conglomerates  and  molasse 
have  been  so  placed  against  the  flanks  of  the  chain  will  be  presently 
considered,  in  the  meantime,  whilst  I  acknowledge  my  incapacity 
to  work  out  the  subject  completely,  let  us  see  what  can  be  gathered 
from  fossil  evidences  respecting  the  true  age  of  these  deposits. 

In  Styria  *  there  is,  indeed,  a  general  ascending  series,  from  a  base 

*  The  account  of  the  tertiary  deposits  of  the  Styrian  Alps,  by  Sedgwick  and 
self  (Trans.  Geol.  Soc.  Lond.  vol.  iii.  2nd  series,  p.  382),  has  recently  received  a 
great  addition  io  the  description  of  their  fossU  plants  by  Dr.  Unger  of  Gratz.  (See 
Leonhard  and  Bronn,  Jahrbuch,  1841,  p.  505,  and  Journ.  Geol.  Soc  Lond.  vol.t. 
Part  2.  p.  11.)  That  author  enumerates  nearly  150  species  from  one  bed  only  of 
lignite  at  Farschlug,  all  of  which  are  of  lost  forms.  Besides  many  Dicotyledonooi 
trees  of  genera  common  in  Europe,  there  are  genera  which  require  a  climate  as 
warm  as  South  America,  whilst  others  resemble  the  fauna  of  the  United  States 
and  table-land  of  Mexico.    On  the  whole,  Dr.  Unger  believes  that  these  plants. 
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with  partial  conglomerates,  the  whole  reposing  upon  older  rocks, 
and  dipping  awaj  under  the  younger  deposits  of  the  adjacent  lower 
countries.  But  when  we  pass  to  the  north  flank  of  the  Alps,  par- 
ticularly in  Bavaria  and  Switzerland,  the  physical  relations  are  mani- 
festly (hfferent. 

In  speaking  of  Switzerland  I  must  not  only  refer  to  the  well-known 
and  excellent  work  of  M.  Studer  on  the  Molasse,  but  also  to  the  valu- 
able additions  to  it  recently  made  by  M.  Arnold  £scher  de  Linth*. 
In  the  former  we  have  set  before  us  numerous  derangements  of  this 
great  deposit,  and  also  the  variations  in  its  composition  in  different 
tracts.  In  the  grand  pebbly  accumulations  of  the  Rigi,  for  example, 
several  thousand  feet  of  which  are  clearly  exposed,  there  are  pebbles 
of  granite  and  porphyry  whose  parent  rocks  f  are  now  wholly  un- 
known to  the  mineralogist  in  the  Alps.  At  the  same  time  it  is  clear, 
that  the  chief  heaps  of  such  materials  have  been  derived  from  the 
well-known  adjacent  ridge  of  secondary  limestone,  mixed  up  with  an 
extraordinary  quantity  of  ''flysch,"  which  rock  has  also  afforded 
materials  for  a  large  portion  of  the  calcareous  sandy  matrix  of  the 
nagelflue.  M.  Escher  ^ints  out  that  this  great  system  of  nagelflue 
and  molasse  is  divisible  into  three  zones.  The  lowest  visible  portion 
of  the  inferior  zone  is  exposed  along  a  great  axial  line,  which,  accord- 
ing to  M.  Escher,  passes  from  near  Rheineck  on  the  north-east,  by 
Herisau,  Watteville,  Jonen  east  of  Bapperschwyl,  on  the  north  bank 
of  the  lake  of  Zurich,  and  Hutten  on  the  south-west.  Thence  it  runs 
between  the  lakes  of  Egeri  and  Zug  immediately  to  the  north  of  the 
city  of  Lucerne,  whence  it  is  presumed  it  may  be  followed  further  to 
the  south-west,  to  the  west  end  of  the  lake  of  Thun  and  the  valley  of 
the  Sulg.  Along  this  line  molasse  sandstone  is  seen  in  vertical  or 
highly-inclined  positions,  throwing  off  overlying  conglomerates  of 
enormous  thickness.  If  the  masses  of  nagelflue  which  constitute  the 
Rigi  mountain  near  Lucerne,  and  the  still  loftier  Speer  (figs.  12  & 
14,  pp.  1 95,  200)  near  Wesen  be  included  in  one  groUp,  their  thickness 
must  be  enormous,  certainly  exceeding  6000  or  8000  feet.  This  axial 
line  trends  from  W.S.W.  to  E.N.E.,  and  is,  I  would  remark,  perfectly 

which  I  examined  io  his  company  in  the  museum  of  Gratz,  hespeak  a  Medi- 
terranean climate  and  a  miocene  age.  It  is  eighteen  years  since  T  furnished 
M.  Adolphe  Brongniait  with  the  plants  of  the  Haring  tertiary  coal  deposit  in  the 
Tyrol. 

*  For  M.  A.  Escber's  account  of  the  molasse  of  Eastern  Switzerland  see  Mit 
theilungen  der  Naturforschenden  GesellschafI  in  Zurich,  No.  7,  May  184  7.  In  this 
memoir  M.  Escher  states,  that  although  a  powerful  deposit  of  marine  molasse 
(not  less  than  1000  feet  thick  near  Berne)  is  interpolated  between  the  lower  and 
upper  freshwater  molasse  and  nagelflue,  he  is  unaware  of  any  zoological  distinction 
in  the  two  last-mentioned  members  of  this  gpreat  series.  A  warm  climate^  which 
permitted  the  growth  qfpabtu  and  large  Cgcadea,  teems  io  have  prevailed  during 
the  whole  qf  the  moUuse  period,  and  the  species  of  Helix,  Lymnea,  Plauorbis, 
Melania,  appear  to  be  the  same  in  the  strata  above  as  well  as  in  those  below  the 
marine  molasse. 

t  Professor  Studer  believes  that  the  parent  granite,  from  whence  such  pebbles 
were  derived,  protruded  along  the  great  line  of  dislocation  between  the  molasse 
and  the  chain,  and  was  lost  by  subsidence  en  matee  when  the  great  accumulations 
of  nagelflue  were  formed. — (Letter  to  myself.) 
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paraUel  to  the  great  band  of  cretaoeouB  rocka,  naminiilite  and  fljadi 
before  describee^  to  which  the  strata  of  the  nagelflue  and  molasse  are 
entirely  unconformable.  Nor  does  this  line  of  dialocaticm  cease  at 
the  eastern  end  of  Switzerland.  It  continuesy  as  before  stated,  in 
the  same  directiim,  from  near  Bregens  to  Immenstadt  in  BaTaria, 
where  it  affects  the  huge  tertiary  masses,  often  Tertical  and  some- 
times dipping  both  to  the  north  and  south,  in  which  Professor 
Sedgwick  and  myself  have  described  several  transrerse  sections  be- 
tween Bregou  on  the  south-west,  and  the  subalpine  ridges  south  of 
Munich  on  the  E.N.E.,  in  which  micaceous  sandstones  with  maris, 
shales,  conglomerates  and  courses  of  lignite  occur,  as  in  Switzerland. 
In  some  Bavarian  strata  of  this  age  we  found  freshwater  shells,  t.  e. 
Cyclades  and  Potamides,  mingled  with  marine  forms  *.  On  the  whole, 
however,  we  detected  so  very  few  fossils  in  these  vast  accumulations, 
that,  simply  connecting  these  rocks  with  the  molasse  and  nagelflue  of 
Switzerland,  we  then  said  that  whatever  conclusions  Professor  Studer 
or  other  geologists  might  establish,  by  help  of  fossils,  respecting  the 
Swiss  formations,  might  be  extended  to  a  portion  of  the  newer  Bava- 
rian deposits.  Now,  in  what  is  called  the  lower  group,  particularly 
as  seen  in  the  canton  of  St.  Gallen  and  along  the  axial  line  above 
dted,  no  trace  having  been  found  of  anything  organic  except  lignite 
with  terrestrial  plants,  and  land  or  fluviatik  shells  with  bones  of 
extinct  land  quaorupeds,  M.  Escher  justly  considers  it  to  be  a  fresh- 
water formation. 

Whatever  may  be  the  dimensions  of  the  lower  (freshwater  and 
estuary)  member  of  this  series,  it  is  overlaid  by  molasse,  sandstone 
and  marls  of  considerable  thickness,  which  contain  a  great  variety 
of  marine  speciesf.  I  submit  a  collection  to  the  Society  which  I 
obtained  from  Professor  Deicke  at  St.  Gallen,  near  which  place  they 
abound.  In  examining  the  strata  there,  in  company  with  that 
gentleman  and  Professor  Brunner,  I  perceived  that  the  i^ells  chiefly 
occurred  in  beds  of  sandy,  micaceous  blue  marls,  which  alternate 
with  sandstones,  and  are  intercalated  with  large  accumulations  of 
pebbly  conglomerates.  The  following  may  be  enumerated  as  among 
the  characteristic  fossils  which  occur  at  St.  Gallen,  but  more  complete 
lists  must  hereafter  be  given ;  viz.  Solen  vagina,  linn. ;  Panop^em 
Faujasi,  Menard ;  Cardium  mulHcostatum,  Broc. ;  Fenerupia  eremita 
(Fenu9,  Broc.);  Fenericardia  Jouanettit,  Desh. ;  Pinna  nohili*, 
Broc. ;  Pecten  scabrellus,  Broc. ;  P.  latissimus,  Broc. ;  Conus  tur- 
ricula  (Broc.),  with  other  species  of  that  genus ;  TurriteUa  terebra, 
Broc. ;  T.  vermieularii ;  Pyrula  reticulata,  Lamk. ;  Natiea  eanrena 
(Nerita,  Broc.) ;  Phorus  agglutinans,  Lamk.,  as  well  as  species  of  the 
genera  Pholas,  Venus,  Cardium,  Dentalium,  Serpula,  Balanus,  &c.^ 

The  sections  of  St.  Gallen  (as  pointed  out  to  me  by  Professor 

*  These  beds  are  described  in  Geol.  Trans.  2iid  Ser.  voL  iii.  pp.  326,  329,  370. 

t  For  the  general  relations  of  these  freshwater  and  marine  strata  of  the  md^me 
see  the  woodcut,  fig.  14,  p.  200. 

X  Whether  these  St  Gallen  fossils  be  called  older  pliocene  or  younger  miocene 
is  immaterial  to  me,  as  I  only  seek  to  show  that  among  them  are  numerous  exist- 
ing marine  species.  (See  subsequent  observations.) 
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Dricke)  exliibit  the  strata  with  marine  shells  intercalated  between 
freshwater  deposits,  which  contain  the  Melania  Eseheri  (Merian) 
and  Planorbis  hupidu9,  Pupa,  Melanopsis,  and  small  Potamides,  with 
seams  of  lignite,  &c. 

The  enumeration  of  the  fossils  of  the  marine  molasse  of  St.  Grallen, 
though  far  from  bein^  complete  (not  more  than  a  third  of  the  species  I 
saw  are  mentioned),  is  I  think  sufficient  to  prove  that  these  beds  are 
of  nearly  the  same  age  as  the  blue  subapennine  marls  of  Italy,  and 
therefore  of  what  has  been  called  the  older  pliocene  age.  The  marine 
shelly  beds  of  the  molasse  in  the  canton  of  Berne,  also  low  in  the 
series,  are  equally  referred  by  Professor  Studer  to  this  age  ;  for  al- 
though the  shells  there  are  neither  so  well  preserved  nor  so  numerous 
as  at  St.  Gallen,  the  presence  of  the  Panop€ea  Faujasi,  Pecten  lati- 
eostatus  (Brod.),  Cyprina  Islandica,  Tellina  tumida  (Brong.),  all 
characteristic  shells  of  the  subapennine  deposits  amidst  those  which 
are  recognizable,  leaves  little  doubt  on  the  subject.  In  Berne,  as  in 
St.  Gallen  and  Zurich,  the  marine  beds  in  question  surmount  (accord- 
ing to  Professor  Studer)  a  widely-spread  lower  freshwater  deposit. 

In  the  canton  Yaud,  where  remains  of  tortoises,  crocodiles  and 
extinct  quadrupeds  occur,  the  order  of  superposition  and  relations  of 
the  different  masses  of  the  molasse  are  obscurely  seen,  particularly  in 
the  undulating  region  between  the  lakes  of  Neufchatel  and  Geneva. 
Still  it  is  right  to  observe,  that  in  the  environs  of  Vevey,  where  mo- 
lasse and  conglomerate  abound,  no  traces  of  any  marine  remdns  have 
been  found ;  the  only  fossil  indeed  known  there  being  a  Palmacites 
of  some  size,  detected  by  M.  CoUon  *.  There  the  tertianr  conglomerate 
and  molasse  are  truncated,  and  with  an  inverted  dip  (fig.  4,  p.  182) 
seem  to  dip  under  the  adjacent  secondary  rocks  as  in  tne  diagrams 
(figs.  12  &  14,  pp.  195,  200),  though  here  they  are  in  contact  with 
rocks  of  the  age  of  the  Oxfordian  Jura. 

That  marine  strata  overlie  freshwater  conglomerates,  is  indeed 
clearly  perceived  in  the  environs  of  Chambery  and  other  parts  of 
Savov.  The  Canon  Chamousset  accompanied  me  to  sections,  where  a 
conglomerate  made  up  of  the  detritus  of  the  adjacent  neocomian  lime- 
stones contains  freshwater  shells  and  lignite.  In  that  tract,  where 
all  the  intervening  strata,  representing  the  gault,  upper  greensand, 
chalk,  nummulitic  limestone  and  flyscn,  are  absent,  the  freshwater 
conglomerate  reposes  at  once  on  the  secondary  neocomian  limestones 
from  whence  its  materials  have  been  derived,  and  passes  upward  into 
the  marine  molasse,  as  exposed  in  the  woodcut  (fig.  5,  p.  184). 

This  lower  freshwater  accumulation  in  Savoy  is  not  less  than 
1000  feet  thick.  Its  lowest  beds  consist  of  limestone  conglomerates 
followed  by  red  marls  and  marlstone  with  green  veins  and  spots,  and 
occasional  gypsum.  Then  follow  other  calcareous  pebble  bands,  con- 
taining subordinate  courses  of  marly  limestone  witn  freshwater  shells. 

*  M.  Blanchet  of  Lausanne'  has  a  rich  collection  of  fossils  from  these  flavio- 
lacnstrine  deposits  of  the  canton  de  Vaud.  He  belieres  that  these  mixed  deposits 
ire  of  different  ages,  each  varying  according  to  its  proximity  or  remoteness  from 
the  chain  of  mountains  firom  which  it  wu  wuhed  into  the  hay  by  rivers  (see  his 
Supplement). 
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The  latter  are  surmounted  bj  marly  sandy  beds,  approaching  in  cha- 
racter to  molasse,  which  gradually  pass  up  into  the  true  marine 
molasse. 

The  marine  molasse  of  the  cantons  St.  Gallen  and  Zurich  dips  to  the 
N.W.,  and  is  clearly  surmounted  by  enormous  accumulations  which 
constitute  the  upper  nagelflue,  and  throughout  which  nothing  but  ter- 
restrial or  freshwater  remains  have  been  detected,  the  species,  of  the 
genera  Melania,  Helix,  Planorbis,  Lymnea,  being  apparently  undistin- 
guishable  from  those  of  the  nageMue  and  molasse  beneath  the  marine 
strata.  It  is  probably  this  great  upper  member  which  is  for  the 
most  part  thrown  into  the  remarkable  iuTcrted  position  exhibited  in 
the  diagrams  fi^.  12  &  14.  In  a  portion  of  this  upper  member  at 
Kapfnach,  and  in  the  Albis  Hills  near  Zurich,  are  found  freshwater 
beds,  in  which  Helices  and  seeds  of  Chara  occur  together  with  the 
bones  oi  Mastodon  angustidens,  FaUeonueryx,  Orygotherium  Eacheri^ 
Chalicomya  Jligeri,  Cervus  lunatua,  Hyotherium  mediumy  Mhinoceros 
Schinzii,  all  species  recently  described  by  M.  Herman  von  Meyer. 
In  the  same  deposit,  leaves  of  Acer  as  well  as  parts  of  palmaceous 
plants  are  seen'*'. 

Again,  molasse  and  conglomerate  occur  in  still  higher  positions ; 
i.  e.  in  the  summits  of  the  ranges  near  Zurich,  where  the  pebbly  beds 
are  very  cavernous,  and  have  given  rise  to  the  name  of  *'  lochrige 
Nagelfluh ;"  but  no  characteristic  organic  remains  have  been  found 
in  it. 

In  following  the  surfaces  of  these  vast  accumulations  as  they  recede 
from  their  dislocated  and  highly  inclined  positions  on  the  flanks  of  the 
Alps  into  the  great  trough  which  extends  up  to  the  Jura,  we  find  the 
beas  becoming  more  and  more  horizontal,  in  which  position  they 
range  up  to  the  edges  of  the  latter  mountains.  The  same  order  of 
strata  is  however  observable,  and  every  here  and  there  we  see — notably 
near  Baden  in  Switzerland — courses  of  marine  shelly  marls  and  sancu 
charged  with  the  same  group  of  subapennine  fossilsf  and  covered  by 
freshwater  nagelflue. 

The  vegetable  remains  of  the  molasse  seem  all  to  be  referable  to  a 
warm  or  Mediterranean  chmate,  and  they  are  all  extinct  species.  To 
this  consideration  I  shall  presently  revert. 

*  The  Mastodon  angustidetu  occurs  at  several  other  localities,  viz.  Buchberg, 
Elgg,  Greit,  &c.  The  Rhmoeerot  mciamuM  is  found  at  Bigg,  and  the  Rhmocerot 
Schhmi  (Herm.  v.  Meyer)  was  extracted  from  nagelflue  at  Bolingen,  near  the  foot 
of  the  Albis,  where  it  is  associated  with  Unio  Etcheri  and  extinct  species  of 
Paludina,  Melania,  &c.  Molasse  fossils,  including  tortoises,  are  also  in  force  at 
Winterthur.  This  upper  group  of  molasse  with  mammalia  is  clearly  separated  from 
the  horizontal  older  alluvia  of  these  regions,  of  which  there  is  a  fine  example  at 
Utznach,  in  which  the  EUphat  primigemua  or  mammoth  occurs,  with  land  and 
freshwater  shells,  and  pines,  and  other  vegetables  of  existing  forms. 

t  See  the  list  of  these  fossils  in  the  excellent  monograph  of  the  Baden  country, 
by  Professor  Mousson  of  Zurich,  "Geologische  Skizze  der  Umgebungen  von 
Bade  im  Canton  Aargau  von  Alb.  Mousson,  Zurich,  1840.''  In  this  work  the 
reader  will  find  a  very  instructive  tabular  arrangement  of  all  the  Jurassic  and 
underlying  rocks,  which  are  very  closely  paralleled  by  fossil  species  with  the 
oolitic  deposits  of  England. 
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Freshwater  Bepo9its  of  (Eningen, 

In  following  the  surface  of  the  uppermost  beds  of  the  naffelflue  and 
molasse  from  the  lofty  hills  which  njEuik  the  chain  of  the  Hoher  Sentis, 
&C.9  the  formation  as  it  spreads  over  the  lower  grounds,  extending 
from  thence,  and  from  the  lake  of  Zurich  to  the  lake  of  Constance 
and  the  Ehine,  is  chiefly  characterized  (where  fossils  and  lignites  have 
been  detected)  as  a  great  terrestrial  or  estuary  deposit.  On  the  right 
bank  of  the  Rhine,  between  Constance  and  Schaffhausen,  the  cele* 
brated  freshwater  deposit,  which  I  visited  for  the  third  time,  has, 
it  still  appears  to  me,  been  formed  in  a  depression  of  pre-existing 
molasse  and  nagelflue*.  In  revisiting  this  locality  I  was  anxious  to 
see  what  discoveries  had  been  made,  and  what  influence  they  might 
have,  in  conjunction  with  the  recent  description  of  the  fossils,  on  the 
conclusions  respecting  the  age  of  that  formation  which  I  formerly 
entertained.  In  r^ard  to  its  overlying  position  I  am  happy  to  say 
that  my  former  general  view  is  supported  by  M.  Studer,  M.  Escher, 
and  all  the  Swiss  geologists ;  viz.  that  these  freshwater  sands,  marls 
and  limestones  are  younger  than  the  chief  masses  of  molasse  and 
nagelflue  of  Switzerland.  As  in  my  previous  communication  a  very 
small  woodcut  only  was  given,  I  beg  to  annex  another  which  better 
represents  my  present  ideas. 

Fig.  27. 


Wangen. 


4.  Marb  and  detritus  (with  volcanic  toff  of  EMher). 

5.  Upper  quarriea  of  freshwater  limestone. 
2.  Lower  quarries  of  freshwater  limestone. 

1.  Regenerated  soft  molasse  (marine  molasse  of  Escher). 

The  area  over  which  the  sandy  marls,  marlstone  and  limestone  of  this 
deposit  extend,  is  of  much  greater  dimensions  than  the  spots  where 
quarries  have  been  opened  and  wherein  the  fossils  have  been  found. 
This  area,  as  far  as  it  can  be  traced,  is  of  an  elongated  elliptical  form, 
extending  with  the  Rhine  from  Berlingen,  on  the  right  bank  of  the 
river,  to  Wangen  and  (Eningen  near  Stein  on  the  left  bank,  a  distance 
of  not  less  than  ten  miles  from  east  to  west.  This  is  inferred  because 
freshwater  shells  have  been  found  in  the  soft  recomposed  sandstone  of 
Berlingen,  which  rock  b  of  the  very  same  character  as  that  which 

*  On  this  occasion  I  was  accompanied  by  Professor  Brunner.  For  my  previous 
description  of  (Eningen  see  Trans.  Geol.  Soc.  Lond.  2nd  Ser.  vol.  iii.  p.  2 7 7.  In  the 
little  woodcut  there  given  the  surrounding  molasse  and  nagelflue  were  indicated  by 
inclined  lines,  though  1  then  knew  perfectly  that  in  this  tract  such  strata  were  not 
there  inclined.  These  lines  were  only  inserted  to  mark  more  strongly  my  belief  that 
such  rocks,  «o  highly  inclined  in  the  neighbouring  country,  were  of  age  anterior  to 
the  overlying  marls  and  limestones  of  (Eningen.  See  also  the  account  of  this 
deposit  by  M.  Eschervon  der  Linth,  pven  by  Herman  von  Meyer  in  his  Palseologica, 
1845,  and  my  observations  thereon,  Journal  of  the  GeoL  Soc  Lond.  vol.  ilL  p.  54. 
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forms  the  bottom  of  the  so-called  (Eningen  deposit  (1).    The  ancient 
lacustrine  expanse  maj  indeed  have  occupied  much  of  the  broad  Tallc^ 
now  filled  by  the  Rhme  and  the  Unter  See  or  lower  lake ;  so  that  it 
is  difficult  to  define  its  former  limits  on  the  E.  and  N*£.*     To  the 
south,  howcTer,  and  to  the  west  and  north-west  it  was  manifestljr 
bounded  by  hills  of  hard  pre-existing  nagelflue,  whose  summits  are 
surmounted  by  erratic  blocks  only.    No  one  can  ascend  the  indestmo- 
tible  rock  of  nagelflue  from  which  the  castle  of  Hohenkhngen  over- 
looks the  town  of  Stein,  and  then  examine  the  edges  of  the  contiga- 
ous  freshwater  accumulation,  without  comine  to  this  conclusion.     It 
is,  indeed,  evident  that  the  lacustrine  deposit  was  bounded  by  these 
hard  rocks.     The  lowest  beds  of  the  (Eningen  basin,  as  seen  in  the 
ravines  between  Stein  and  Wangen,  and  in  the  lower  terraces  under 
the  plateau  of  fossil  limestones  and  marls  exhibited  in  the  preceding 
woodcut,  are  incoherent,  micaceous,  light-grey  sands,  with  an  occa- 
sional concretion  (1)  fig.  27.     They  are,  in  fact,  regenerated  molasse, 
and  have  been  compounded  out  of  the  hard  dark-coloured  molasse 
building-stone,  to  wluch  they  have  much  the  same  resemblance,  as  the 
sands  on  the  shore  of  a  lake  to  the  sandstone  cliff  on  its  sides  from 
whence  they  have  been  derived.     This  is,  I  repeat,  exactly  the  same 
soft  stone  as  that  which  recurs  at  Berlingen,  between  Constance  and 
Stockhom,  on  the  opposite  bank  of  the  Rhine,  and  where  freshwater 
shells  are  found  in  it. 

In  ascending  from  Wangen  to  the  quarries,  a  considerable  thickness 
of  these  sands  is  exposed,  and  at  their  summit  they  inosculate  with 
marly  and  calcareous  courses,  in  which  the  lower  quarries  (now  very 
little  worked)  are  opened.  Their  strata  (2)  consist,  on  the  whole,  of 
alternations  of  recomposed,  light-grey,  micaceous,  calcareous  molasse, 
with  thinly  laminated,  dark-grey  marlstone  and  Umestones  of  con- 
choidal  fracture,  which  are  highly  fetid  under  the  hammer.  Though 
of  irregular  persistence  and  somewhat  broken,  these  beds  (the  upper 
part  of  which  is  ferruginous)  incline  slightly  to  the  west,  or  away 
from  the  valley  of  the  Rhine  to  which  they  present  their  edges,  and 
by  which  incfination  they  are  carried  under  all  the  limestone  and 
marl  of  the  plateau.  Among  the  fossils  which  they  have  afforded 
are  the  Palaonuerix  of  V.  Meyer,  together  with  portions  of  tortoises ; 
but  owing  to  the  concretionaiy  form  of  the  beds  and  the  irregularity 
of  their  composition  (t.  e.  sand  and  marlstone  inosculating),  the  fossils 
are  neither  so  well  preserved,  nor  so  much  sought  afler,  as  in  the  over- 
lying quarries  of  flat  bedded  character. 

Rising  gently  along  the  incUned  surface  of  the  plateau  above  the 
lower  quarry,  the  substrata  around  the  dome-shaped  ground  of 
Solenhofen  are  seen  to  consist  of  similar  rocks  passing  upwards  into 
marlstones  or  limestones,  which  at  the  distance  of  about  three-quarters 

*  M.  A.  Escher  de  Linth  makes  the  freshwater  beds  extend  northwards  by 
Schienen  to  the  valley  of  the  Aach.  I  did  not  revisit  that  portion  of  the  ground,  but 
I  have  perfect  confidence  in  his  section.  The  recent  discovery,  however,  of  f^th« 
water  shells  in  the  underlying  hand  at  Berlingen  (since  M.  Escher  wrote)  decides 
the  nature  of  the  band  (1)  of  my  section,  which  he  termed  with  doubt  "  Meere'i  ? 
molasse."    (See  Fauna  der  Vorwelt  von  H.  v.  Meyer,  1845,  p.  49.) 
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of  a  mile  from  the  lower  auarrj  are  fully  displayed  in  the  upper 
quarry*,  the  descending  order  in  which  is  as  follows : — 

Ft  In. 
Soft  and  decomposing  bluish  grey  and  white  marls  used  as  brick  earth, 

the  lower  portion  consisting  of  courses  from  two  to  eight  inches  thick, 

of  finely  laminated  marlstones  with  very  thin  laminae  of  chert,  about .  20    0 

Soft  bed  in  which  the  tooth  of  a  mastodon  has  been  found    1    6 

Fish-bed  Tmarly  limestone),  fishes  abundant    0    2 

Insect-bed  (Tery  finely  laminated)    0    2 

**  Kleine  und  grosse  Moden,''  stone  bands  with  a  few  fishes  4    0 

**  Salamander  Flatten,''  in  which  the  Andriaa  Scheuchzeri  was  found ;  fishes 

rare 0    5 

**  Schildkrot  schicht,"  or  tortoise-bed,  in  which  the  Chelydra  MurcMaoni 

(BcU)  occurred  0    6 

Shale  or  marl,  varying  firom  two  or  three  inches  in  one  part  to  two  feet  in 

others  1    0 

**  Diehl  Stein,"  or  plank-bed,  so  called  because  it  breaks  into  long  tlun 

board-like  flags 1    0 

Fox-bed,  i,e.  the  marly  limestone  enclosing  the  Gakeynut  (Enmgenrit  ...    0    4 

Fish-bed  with  numerous  fishes,  froes,  and  several  small  quadrupeds 0    6 

^  Kessel  Stein,"  or  bottom  beds  of  the  quarry  loaded  with  plaints  and  the 

freshwater  shells  "Anodonta" 1    2 

High  as  it  may  be  in  the  geological  series,  and  posterior  as  it  cer- 
tainly is  to  the  marine  strata  of  St.  Gallen  and  Baden  with  certain 
existing  species  of  sea  shells,  the  (Eningen  deposit  is  not,  however,  as 
I  formerly  supposed,  a  link  between  extinct  and  existing  nature.  In- 
deed, whilst  I  expressed  that  opinion,  I  contended  that  stupendous 
changes  had  occurred  since  this  lacustrine  matter  was  accumulated. 
I  showed  to  what  a  depth  the  valley  of  the  Rhine  had  been  subse- 
quently excavated,  and  how  the  drifl,  erratic  blocks,  and  loss  had  after- 
wards been  deposited ;  but  judging  from  the  best  opinions  I  could 
then  obtain  from  naturalists  respecting  the  characters  of  the  animals, 
whether  quadrupeds,  fishes,  shells  or  insects,  or  from  the  plants,  I 
was  led  to  think  that  they  very  nearly  approached,  and  in  some  cases 
were  undistinguishable  from,  living  forms. 

More  precise  researches,  however,  lead  to  a  very  different  conclusion. 
Amidst  tbe  multitude  of  weU-preserved  fossils,  not  one,  it  is  now  said, 
is  strictly  identifiable  with  an  existing  species.  The  closest  analogy, 
indeed,  exists  between  the  manner  in  which  the  animals  and  vegeta- 
bles have  been  entombed  in  the  mud  of  this  former  lake  and  that 
which  would  still  prevail.  The  fossil  insects  Blatta  and  Nepa  are 
there  found,  as  I  formerly  saidf,  collocated  with  remains  of  the 

*  On  this  occasion  we  were  so  fortunate  as  to  find  the  present  proprietor  of 
the  quarries,  M.  Barth,  busily  directing  his  workmen,  and  as  he  has  made  re- 
searches for  many  years,  I  took  down  the  description  of  each  stratum  from  him. 
M.  Barth  having  hitn  unfortunate  in  trade  now  devotes  himself  exclusively  to  the 
extraction  of  the  rarer  fossils,  and  in  preparing  suites  of  them  for  sale.  M.  de 
Seyfned  of  Constance  possesses  the  most  perfect  of  the  collections  of  the  (Eningen 
fossils  with  which  I  am  acquainted,  all  found  since  I  last  visited  that  country.  In 
it  I  observed  five  noble  specimens  of  Andriaa  Scheuchzeri  (Homo  diiuvii  testis), 
LtLgomyg  CEningenne,  Chelydra  Murchieoni,  and  another  species  of  tortoise  un- 
described ;  and  among  many  splendid  fishes  an  eel  three  feet  long,  the  Coluber 
Oweni,  the  tooth  of  the  Maetodon  anguttident,  &c. 

t  Trans.  Geol.  Soc.  London,  2nd  Ser.  vol.  iii.  p.  286. 
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leaves  of  the  same  genus  of  tree  on  which  they  still  live ;  hut  the  spe- 
cies are  distinct  from  those  now  prevailing.  On  this  point  I  quote 
the  opinion  of  Professor  Heer  of  Zurich.  That  zealous  entomologist 
assured  me,  that  out  of  1 20  species  of  Coleoptera,  40  species  of  Neu- 
roptera  and  80  species  of  Hymenoptera  (60  of  the  latter  belonging 
to  Formica),  he  has  not,  after  the  most  rigid  microscopic  comparisons, 
been  able  to  detect  a  single  form,  either  aquatic  or  terrestrial,  which 
can  be  identified  with  species  now  living  in  any  part  of  the  globe. 
Some  of  them,  indeed,  make  close  approaches  to  species  now  living  in 
America  and  the  Mediterranean,  including  Algeria,  and  some  genera 
(at  least  six)  are  entirely  new*. 

Professor  Agassiz  classes  the  fishes  of  (Eningen  much  in  the  same 
category,  and  the  same  may  be  said  of  the  numerous  quadrupeds, 
whether  those  so  elaborately  and  well  described  by  M.  Herman  von 
Meyer,  or  the  extinct  form  of  the  Viverridae  named  by  Professor 
Owen  Galecynus  (EningemiSy  or  the  "  Fossil  Viverrine  Fox  of  (Enin- 
genf."  Even  in  regard  to  the  plants,  it  does  not  appear  that  any  can 
be  identified  with  living  forms ;  for  although  M.  Goppert  has  said 
that  he  can  discover  no  diflference  in  one  case  between  the  cone  of  a 
pine  of  (Eningen  and  the  cone  of  the  living  Pinu9  gyhestris,  he 
admits  that  without  further  evidence  as  to  the  glands  and  leaves,  no 
proof  can  be  obtained  that  it  is  not  an  extinct  species. 

Such  being  the  facts,  how  are  we  henceforward  to  classify  with 
certainty,  tertiary  deposits  which  have  been  formed  on  land,  in  relation 
to  those  which  have  been  accumulated  in  the  sea  ?  In  the  latter,  or 
the  marine  Swiss  molasse,  w%  find  that  strata  formed  anterior  to  the 
(Eningen  deposit  contain  shells  of  the  subapennine  eera,  many,  or 
some  at  all  events,  of  which  are  now  Uving  in  our  seas  J  ;  whilst  the 
land  and  fluviatile  animals  of  posterior  date  are  all  distinct  from  those 
now  in  existence.  In  reviewing  the  molasse  and  nagelflue  as  a  whole, 
the  evidence,  as  far  as  it  goes,  teaches  us,  that  the  formation  was  in 
many  tracts  almost  entirely  formed  by  rivers  or  in  lakes ;  whilst  in 
other  parts,  as  near  Berne  and  St.  Gallen,  there  were  powerful  inter- 
calations of  deposits  formed  in  bays  of  the  sea.  If  then  we  consider 
the  whole  as  a  connected  series,  and  admit  that  in  the  lowest  as  well 
as  in  the  highest  strata,  and  even  up  to  the  regenerated  molasse  and 
marls  of  (Eningen,  the  land  remains  belong  to  extinct  species,  still  we 

*  Professor  Heer's  monograph  of  the  fossil  insects  of  (Eningen  will,  I  doubt  not, 
interest  all  entomologists  as  well  as  geologists,  by  the  knowledge  it  exhibits  of 
every  analogy  and  comparison  which  can  be  set  up  between  these  fossils  and  the 
living  forms  of  insects.  Professor  Heer  intends  to  describe  in  a  subsequent  work 
the  insects  of  Aix  en  Provence  and  other  tracts. 

t  The  animal  collected  by  myself,  and  described  as  a  fox  by  Mantell,  is  now 
named  by  Owen  Gaiecynus  ^nmgennSf  or  the  "  Fossil  Viverrine  Fox  of  (Eningen.** 
See  Journal  of  the  Geol.  Soc.  London,  vol.  iii.  p.  55,  with  anatomical  woodcuts. 

%  I  here  conform  to  the  more  generally  received  opinion  concerning  pliocene 
marine  shells  as  advocated  by  Sir  C.  LyeU  and  M.  Deshayes.  M.  C^traine  indeed 
believes  that  nearly  all  the  true  pliocene  or  subapennine  species  are  still  living  (see 
Malacologie  Mediterranienne  et  Littorale,  Acad,  de  Bruxelles,  torn.  xii.  dea  Mem. 
1840).  On  the  other  hand,  however,  it  is  right  to  state,  that  M.  Agassiz  contends 
that  no  animal  having  the  exact  form  of  a  fossil  tertiary  moUusk  is  now  living  in 
our  seas. 
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hKve  the  remarkable  fact,  that  in  the  subordinate  marine  masses  many 
of  the  shells  are  Hving  species. 

This  discrepancy  in  the  evidences  drawn  from  terrestrial  and  ma- 
rine sources  haa  akeady  created  divergent  opinions  respecting  the  age 
of  strata  among  naturaUsts.  Thus>  judging  from  the  vertebrata  foimd 
in  the  older  freshwater  deposits  of  the  Rhine  and  other  parts  of 
Germany,  where  marine  evidences  are  wanting,  M.  Herman  von 
Meyer  would  class  as  eocene  that  which  other  geologists  call  miocene, 
and  he  has  naturally  referred  to  the  miocene  age  those  very  (Emngen 
freshwater  and  terrestrial  strata  so  charged  with  lost  types,  but  which, 
as  I  now  assert,  were  formed  after  the  accumulations  in  which  plio- 
cene and  living  marine  fossils  occur. 

This  persistence  of  marine  forms  during  a  period  in  which  a  whole 
terrestrial  fauna  became  extinct — a  period  it  will  be  recollected  when 
the  proportion  of  the  known  remains  of  the  land  in  reference  to  those 
of  the  sea  was  infinitely  larger  than  in  earher  times — may  lead  us  to 
be  cautious  in  deciding  on  the  age  of  a  secondary  rock  by  the  mere 
characters  of  its  fossil  v^etables  (see  p.  1 78).  At  all  events,  the  con- 
tents of  the  upper  tertiary  deposits  of  Switzerland  compel  us  to  admit, 
that  in  any  classification  of  a  terrestrial  formation  by  the  more  or  less 
prevalence  of  existing  types,  not  even  the  youngest  of  those  Swiss 
strata  at  (Eningen  can  be  termed  miocene  or  pliocene.  So  com- 
pletely, indeed,  do  all  its  imbedded  terrestrial  animals  seem  to  belong 
to  lost  types,  that  we  have  not  yet  even  authority  to  call  them  eocene, 
although  in  reference  to  marine  deposits  they  have  been  formed  in 
part  out  of  the  detritus  of  the  marine  eocene  Alpine  rocks !  In  ren- 
dering our  science  exact,  we  must,  therefore,  I  apprehend,  classify 
strata  deposited  in  fresh  water  or  on  land  separately  from  those  of  sub- 
marine origin.  In  reference  to  the  tertiary  sera,  we  can  only  speak 
of  the  former,  as  older  or  younger  land  formations ;  since  it  is  mani- 
fest, that  (without  a  total  disregard  of  the  meaning  of  the  words) 
we  cannot  apply  to  them  the  terminology  employed  to  designate  the 
tertiary  marine  stages*. 

Dislocations  in  the  Alps, 

The  previous  pases  having  been  chiefly  devoted  to  the  detection  of 
the  oraer  in  which  the  formations  have  been  accumulated,  I  now 
inrite  attention  to  some  examples  of  those  grand  phsenomena  of  con- 
tortion and  fracture  of  the  strata  which  specially  characterize  these 
mountains.  By  whatever  causes  produced,  these  derangements  are 
BO  ffreat,  that  geologists  accustomed  to  work  in  less  troubled  regions 
could  scarcely  nave  ventured  to  hope,  that  the  Alps  would  have  been 
found  to  explain  any  portion  of  the  succession  in  tne  earth's  deposits, 
still  less  thf^  they  should  contain,  as  I  have  endeavoured  to  show, 
certain  links  to  connect  the  secondary  and  tertiary  rocks,  which,  if 

*  The  commingling  of  lost  types  of  large  terrestrial  animals  with  those  of 
species  scarcely  dutinguishable  from  our  own  in  the  rich  tertiary  deposits  of  the 
•nb-Himalaya  chain,  is,  also,  a  splendid  example  of  the  difficulty  of  synchronizing 
such  terrestrial  accumulations  with  the  marine  tertiary  deposits  named  eocene, 
miocene,  and  pliocene. 
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not  entirely  wanting,  are,  at  all  events,  feebly  exhibited  in  Northern 
Europe.  But  passing  from  the  survey  of  these  valuable  exceptional 
cases,  which  have  been  left  for  our  instruction,  I  will  now  point  out  a 
few  examples  illustrative  of  the  manner  in  which  several  consecutive 
Alpine  formations  have  been  first  convoluted,  then  often  inverted,  and 
finally  snapped  asunder  by  enormous  faults.  To  treat  such  a  subject 
in  the  manner  it  deserves  would  require  much  more  detailed  knowledge 
than  I  possess,  and  the  present  notice  must,  therefore,  only  be  viewed 
as  affording  data  to  assist  in  explaining  the  origin  and  progress  of 
such  great  mutations. 

Let  the  geological  features  of  any  one  r^on  of  the  Alps  be  ap- 
pealed to,  and  it  will  be  seen,  that  whatever  be  the  major  axis  of  the 
crystalline  mass*  in  its  centre,  such  also  is  the  previuling  direction 
of  all  the  sedimentary  deposits  which  lie  on  either  side.  Thus  in 
the  Eastern  Alps,  we  see  two  principal  elhpsoidal  ranges  of  granite, 
the  one  extending  from  the  Iffiger  Spitze  above  Meran  to  the  envi- 
rons of  Brunneckenf,  the  other  of  nearly  equal  extent  in  the  high 
region  near  the  sources  of  the  Mur,  and  extending  along  the  left 
bank  of  that  river  to  form  the  nucleus  of  the  Noritian  Alps.  These 
eUipses,  trending  from  W.S.W.  to  E.N.E.,  mark  distinctly  the 
major  axis  of  the  Eastern  Alps ;  whilst  to  the  south  of  Vienna  the 
prolongation  of  this  axis  is  indicated  in  the  nucleus  of  the  Leitha 
GebirgeJ.  Now  this  direction  from  W.S.W.  to  E.N.E.  is  likewise 
that  which  has  been  impressed  on  all  the  sedimentary  masses  of 
these  Eastern  Alps,  of  transition,  secondary  or  tertiarv  age,  whether 
they  be  successively  examined  northwards  to  the  valley  of  the  Da- 
nube or  southwards  to  the  plains  of  Venice.  Minor  parallel  ellip- 
soids of  crystalline  rock,  indeed,  appear  in  the  Venetian  Alps  both  at 
Becoaro  and  its  neighbourhood  and  in  the  Cima  d'Asti,  which, 
whether  they  be  mica  schists  or  granitic  rocks,  have  the  same  rela- 
tions to  the  enveloping  younger  sedimentary  deposits.  Such  also  are 
the  major  axes  of  the  wreat  masses  of  crystalline  rocks  which  occupy 
the  central  tracts  of  me  Tyrol,  the  chief  part  of  the  Alps  of  Lom- 
bardy,  and  the  nuclei  of  the  Swiss  Alps,  and  such  also  is  the  domi- 
nant strike  of  all  the  associated  sedimentary  deposits  in  these  r^ons. 

To  the  west  of  the  longitude  of  Berne  the  chain  assumes  more 
of  the  north  and  south  d&ection,  and  there  again  the  sedimratary 
rocks,  to  a  great  degree  metamorphosed,  run  parallel  to  the  axes  of  the 
rude  eUipses  of  Mont  Cervin  and  Mont  Blanc  and  their  prolong 
tions.  And  here  it  is  to  be  remarked,  that  as  we  foUow  the  chain 
from  N.E.  to  S.W.  we  pass  from  the  clearest  types  of  the  sedimentary 
rocks,  and  at  length  m  the  Savoy  Alps  are  immersed  in  the  highly 
altered  mountains  of  secondary  limestone  before  described.  I  am 
unable  to  define  the  maimer  in  which  Uie  cluef  axes  of  these  moun- 

*  The  word '  crystaUme  mass '  is  meant  to  include  granite,  gneiss,  mica  schist, 
marble,  &c,  and  in  short  all  rocks,  whether  formed  by  eruption  or  by  metamor- 
phism  of  pre-existing  deposits,  which  are  now  in  a  crystalline  condition. 

t  M.  von  Buch  speciidly  called  my  attention  to  this  ellipsoid  of  granite,  around 
which  all  the  rocks  are  powerfully  metamorphosed  (see  anttt  p.  167). 

t  Trans.  GeoL  Soc  vol.  iii.  p.  303;  and  Map,  pi.  35. 
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tains  trend  in  the  Maritime  Alps,  where  it  would,  however,  almost  seem 
that  thej  bend  roimd  so  as  to  be  confloent  with  the  Apennines  and 
envelope  the  gpreat  depression  of  Piedmont  and  Lombardy ;  thus  de- 
scribing a  grand  sweep,  or  in  other  words  an  outward  semicircular 
Bne,  of  which  the  Monferrato  near  Turin  is  the  last  external  fold. 
It  is  enough  for  m^  present  purpose,  to  show,  that  whatever  be  the 
diriMTtion  a£  the  chief  crystalline  axis  of  any  one  region  in  these  moun- 
tains, such  is  the  dominant  strike  of  the  flanking  deposits.  Now, 
wheUier  such  axes  are  marked  by  the  protrusion  of  granite,  syenite, 
or  any  other  so-called  eruptive  rock,  or  are  simply  occupied  by  strata 
which  have  been  metamorphosed,  it  is  manifest  that  some  nowerful 
energy  has  been  exerted  throughout  and  along  them,  which  action 
has  so  affected  all  the  sedimentary  deposits  on  their  sides,  as  to  pro- 
dooe  a  parallelism  to  the  central  axes,  both  in  anticlinal  and  synclinal 
folds  and  in  deep  longitudinal  fissures.  If  the  valuable  detailed  maps 
preparing  by  M.  Studer  were  published,  this  fact  would  be  seen  as 
respects  Switxerland,  and  a  glance  at  the  admirable  map  of  France  of 
De  Beaumont  and  Dufr^oy  amply  explains  my  meaning  in  regard 
to  that  highly  dislocated  portion  of  the  chain  which  extends  south- 
westwards  mm  the  region  around  Mont  Blanc.  For  Piedmont  and 
Savoy  the  reader  is  referred  to  the  good  illustrations  of  Sismonda, 
not  yet,  however,  brought  into  one  view. 

In  treating  of  the  whole  chain  it  must  be  admitted,  that  the  Swiss 
and  Savoy  Alps  have  been  most  agitated ;  and  it  is  in  these  most 
convulsed  tracts  that  we  may  perhaps  best  learn  what  has  been  the 
nature  of  the  movements  of  the  strata*  and  the  order  in  which  they 
have  foUowed  each  other.  In  parts  it  is  clear,  that  from  the  Ju- 
rassic rocks  to  the  "  flysch  "  inclusive,  there  has  been  a  continuous 
series  of  submarine  deposits  (see  figs.  3,  4,  12,  14,  and  the  ^up  of 
sections  of  Hoher  Sentis,  Plate  VII.).  Many  deep  denudations,  in- 
deed, expose  the  whole  of  this  series  in  lofty  mountains  on  either  side 
of  deep  valleys,  each  formation  in  conformable  apposition.  The  most 
remarkable  fact  in  this  coUocation  is,  that  all  these  strata  from  the 
eocene  downwards,  have  been  thrown  into  undulations  both  rapid 
and  gentle,  and  sometimes  have  been  so  contorted  as  to  produce  ab- 
solute inversions.  I  believe  that  such  flexures  were  among  the  earUest 
of  the  great  physical  chanees  impressed  upon  these  submarine  strata, 
which,  at  the  tune  when  mey  were  so  bent,  may  I  conceive  have  been 
of  no  greater  sohdity  and  compactness  than  many  of  the  soft  deposits 
which  now  constitute  the  crust  of  the  earth  in  Russia*  and  other 
countries,  where  the  processes  of  induration  and  crystallization  have 
not  been  carried  out.  It  seems  to  me,  that  however  we  may  attempt 
to  detect  the  power  which  produced  these  folds  and  contortions,  we 
must  admit  that  all  the  strata  so  folded  together,  had  been  accumu- 
lated the  one  over  the  other  under  the  sea  (often  continuously),  and 
could  only  have  been  slightly  solidified  before  the  operation  com- 
menced by  which  they  all  partook  of  common  and  conformable  move- 
ments of  undulation. 

In  no  part  of  the  Alps,  which  I  have  examined,  are  the  curvatures 

*  See  Russia  and  the  Ural  Moantains,  voL  Ipamm. 
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of  the  calcareous  formations  better  exhibited  than  in  the  Altorf  branch 
of  the  Lake  of  the  four  cantons, — that  noble  transverse  fissure  which 
penetrates  so  far  into  the  heart  of  the  chain  (see  fig.  1 2,  p.  1 95).  On 
the  mountain  slopes  (often  vertical  precipices)  on  both  sides  of  this 
deep  cleft,  various  formations  from  the  Oxfordian  or  Upper  Jura  (o), 
near  the  water's  edge  (Tell's  Chapel),  through  the  lower  and  upper 
neocomian,  greensand,  gault,  and  sewer-kalk,  or  equivalent  of^the 
chalk,  up  to  the  nummuhtic  and  flysch  rocks,  are  all  seen  to  be  twisted, 
and  often  conformably  to  each  other,  in  numerous  flexures,  which 
increase  in  rapidity  and  intensity  (in  the  Achsenberg  for  example)  as 
you  approach  the  centre  of  metamorphism  (or  towajrds  St.  Gothard), 
and  decrease  as  you  recede  fit)m  it.  In  other  words,  the  folds  open 
out  into  broader  and  less  complicated  sweeps  in  proceeding  from  the 
north  slope  of  St.  Gothard  as  a  centre  to  the  flanks  of  the  chain, 
where  they  expand  into  the  canton  of  Lucerne.  Some  of  these  ex- 
traordinary appearances  near  Altorf  and  in  the  escarpments  of  the 
adjacent  like  have  been  figured  in  two  coloured  diagrams  by  Dr. 
Lusserf .  Faithfiilly  delineating  what  he  saw,  and  judging  from  the 
order  of  superposition,  that  author  concluded,  that  rocks  with  green 
earth  and  nummulites  were  repeated  several  times  over  in  the  series, 
and  that  these  fossib  existed  in  strata  (occasionallv  crystalline)  of 
considerable  antiquity,  as  well  as  in  younger  beds,  ^e  effort  which 
Dr.  Lusser  made  to  classify  the  rocks  of  this  disturbed  tract  by  mi- 
neral characters  and  apparent  order  of  superposition  has,  I  need 
scarcely  say,  proved  invaHd ;  for  as  soon  as  you  extricate  the  nummu- 
htic zone  from  the  labyrinth  in  which  it  is  involved  in  the  Achsenberg 
near  Altorf  (see  fig.  12,  p.  195  ante)  and  follow  it  out  towards  the 
N.N.W.,  it  is  seen  to  fold  regularly  over  upon  the  surface  of  the 
cretaceous  rocks,  first  in  the  sharp  and  partially  broken  synclinal  of 
Syssikon,  then  in  the  dome  or  anticlinal  of  the  mountain  above  Bran- 
nen,  and  next  in  the  broader  synclinal  of  the  valley  of  the  Muotta. 

The  precipitous  faces  of  rock  on  the  sides  of  the  lake  of  Altorf 
are  indeed  most  instructive,  in  showing  us  the  intimate  connection 
between  the  chief  axial  line,  the  folds  of  the  strata  and  the  lines  of 
fracture.  In  one  portion  of  the  lake,  nearly  midway  between  Bnm- 
nen  and  Fluelen,  the  centre  of  the  folds  of  one  of  the  masses  appears 
in  the  opposite  cUffs,  and  thus  marks  the  general  strike  of  such  con* 
tortious  to  be  paraUel  to  the  axis,  or  £.N.£.  and  W.S.W. ;  whibt  a 
line  of  fracture  equally  visible  on  both  sides  of  the  transverse  fissure  is 
also  parallel  to  the  same  (aee  *,  fig.  12).  In  short,  the  order  of 
operations  seems  undoubtedly  to  have  been,  Jlrst  contortion  and  then 
fracture ;  the  nuclei,  or  inner  rolls  of  the  folds,  and  the  lines  of  dislo- 

t  Nachtragliche  Bemerkungen  zu  der  geognostischen  Forschung  and  Dtr- 
•telluDg  der  Alpen,  vom  St.  Gothard  bis  am  Zuger-See.  Swiss  Trantactions,  vol.  L 
p.  44.  Although  he  does  not  appear  to  have  noticed  organic  remains  in  these 
mountains,  De  Saussure  has  described  some  of  their  remarkable  flexures  and 
breaks.  He  speaks  of  the  calcareous  strata  of  the  Achsenberg  as  eihibitiog  the 
form  of  the  letter  S  several  times  repeated  with  fractures,  and  reminds  ui  that 
Vallisnieri  in  his  '  Origine  delie  Fontane'  had  remarked  upon  these  grotesque 
outlines.  He  also  mentions  a  great  bend  in  the  form  of  a  C  from  which  the  strata 
extend  horizontally  below. — ^Voy.  dans  les  Alpes,  vol.  iv.  §  ix.  1933  «/  te;.  (lee 
my  fig.  13). 
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cation  being  parallel  to  each  other  and  to  the  great  axis  of  the  chain. 
In  tracing  some  of  these  folds,  we  see  so  clearly  that  an  upper  stratum 
has  been  twisted  under  one  of  greater  antiquity  (and  which  underlies 
it  at  a  little  distance),  that  we  thus  learn  a  lesson  on  the  small  scale 
which  we  may  endeavour  to  apply  to  extensive  masses ;  whilst  some 
of  the  fractures  are  observed  to  have  taken  place  along  those  portions 
of  the  flexure  which  have  least  resisted.  As  my  chief  attention  was 
specially  ^ven  to  the  cretaceous  and  supracretaceous  rocks  and  their 
relations,  I  seldom  endeavoured  to  grapple  with  the  accumulation  of 
obscurities,  including  metamorphism,  which  present  themselves  as 
the  observer  approaches  the  watershed  of  the  chain  ;  it  having  been 
sufficient  for  my  purpose  to  note  how  the  strata  in  question  were  un- 
coiled as  they  rolled  over  in  great  imdulations  from  the  centre  to  the 
flank.  In  continuation  therefore  of  a  description  of  the  transverse 
section  which  passes  from  Altorf  to  the  N.N.W.  (fig.  1 2^,  I  must  in 
justice  say,  that,  as  far  as  mere  outline  goes,  the  undulations  seem  to 
conform  to  the  wave-like  progression  so  ably  laid  down  by  Professors 
Henry  Rogers  and  W.  Rogers  in  their  map  and  sections  of  the  Appa- 
lachian chain.  In  other  words,  the  steeper  sides  of  the  anticlinal  are 
the  most  remote  from  the  axis,  whilst  the  longer  and  less  inclined 
hce  of  each  anticlinal  faces  the  chain.  This  is  observed  first  at  Sys- 
sikon,  and  next  it  is  remarkably  well  seen  near  the  mouth  of  the 
Muotta-thal,  the  structure  of  which  has  been  described.  The  num- 
mulitic  and  cretaceous  rocks  on  the  south  side  of  this  valley  are  highly 
inclined  and  almost  vertical,  whilst  on  the  north  side  they  slope  at 
the  gentle  angle  of  20°  to  25°.  In  the  next  grand  curvature  of  these 
masses,  or  towards  the  Rigi,  a  tremendous  dislocation  has  occurred*, 
by  which,  in  fact,  the  ytmnger  portion  of  the  nagelflue  and  molasse 
of  pliocene  aee  is  brought  with  an  inverted  dip  against  the  escarp- 
ment of  the  Tower  cretaceous  rocks  in  the  manner  described  in  the 
above  diagram.  Doubtless  this  last  is  a  fault  of  many  thousand  feet. 
The  axis  of  the  molasse  external  to  the  chain,  runs  parallel  to  it,  as 
before  mentioned,  in  the  environs  of  Lucerne.  Throughout  an  inter- 
mediate distance  of  several  miles  there  is  a  development  of  all  those 
massive  and  inclined  strata  of  conglomerate  and  sandstone  which 
form  the  Rigi.  The  youngest  bed,  therefore,  of  all  that  vast  accumu- 
lation is  thus  brought  into  contact  with,  and  apparently  dips  under, 
lower  cretaceous  rocks  ;  and  as  the  beds  of  pebble  and  sandstone  must 
once  have  overlapped  the  cretaceous  masses,  nummulite  rocks  and 
flysch  out  of  whose  materials  they  have  been  formed,  the  fault  must 
indeed  be  as  enormous  as  the  inversion  is  astounding. 

This  grand  solution  of  continuity  between  the  cretaceous  rocks  with 
their  overlying  companions,  the  nummuUtes  and  flysch  on  the  one 
hand,  and  the  molasse  and  nagelflue  on  the  other,  is  the  most  striking 
dislocation  in  Switzerland.  The  line  now  mentioned  trends  from  the 
flanks  of  Mont  Pilatus  and  passes  by  the  south  side  of  the  Rigi,  to 

*  There  are  other  minor  folds,  and  probably  dislocations,  which  I  did  not  follow 
out,  in  the  masses  of  cretaceous  and  neocomian  limestone  between  the  Muotta- 
thal  and  the  Rigi.  The  dome-shaped  arrange<nent  of  the  sewer-kalk  at  Sewen  in- 
dicates that  this  must  be  the  case  (see  p.  193). 
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the  east  bank  of  the  lake  of  Lowers,  where  it  marks  the  JtinctioQ  be- 
tween the  lofty  cretaceous  peaks  of  the  Mythen  aboTC  Schwyz,  and 
the  supracretaceous  rocks  of  the  Hacken  pass  and  Lowerz.  But  here 
dislocated  masses  of  fljsch  and  fractured  nummulite  rocks  are  inter- 
calated between  the  cretaceous  escarpment  under  which  they  serai  to 
dip,  and  those  great  sloping  masses  of  coi^lomerate,  which,  consti- 
tuting the  Rossberg  so  celebrated  for  its  UndsUp,  appear  in  their 
turn  to  underUe  the  nummulite  zone.  This  inyerted  position  is  again 
well  displayed  as  you  follow  the  same  masses  towards  Einsiedeln, 
where  the  nagelflue  overlying  the  middle  and  lower  molaase  is  in 
distinct  apposition  to  an  escarpment  of  nummulite  limestone,  whidi 
dips  rapidly  away  under  moimtains  of  flysch  that  are  also  thrown  off 
to  the  S.S.E.,  or  towards  the  axis  of  the  Alps  (fig.  13).  This  phe- 
nomenon is  common  along  the  northern  flanks  of  the  chain.  It  is, 
in  fact,  that  prevalent  feature  throughout  the  external  zone  of  the 
Eastern  Alps  on  which  Professor  Se(%wick  and  myself  insisted ;  but 
at  that  time  we  had  not  an  adequate  conception  of  the  intensity  of 
these  movements,  by  which,  on  Imes  parallel  to  each  other,  the  oldest 
portion  of  each  eroup  has  often  been  thrown  up  on  the  external  or 
younger  side  of  the  Alps,  with  its  last-formed  member  let  down  as  it 
were,  so  as  to  be  in  contact  with  the  oldest  rock  in  the  tract,  and  with 
all  the  appearance  of  passing  under  it ! 

The  distinctions  between  regular  succession  and  discordance  are  ad- 
mirably displayed  around  the  Grunten  mountain  and  between  it  and 
the  higher  Alps ;  for  after  an  exhibition  of  perfect  symmetry  (figs.  1 7 
and  18),  we  find  the  flysch  truncated  (fig.  19)  against  a  wall  of  cre- 
taceous rocks.  We  pass  through  that  wall  by  the  gorge  of  the 
Uirsch-sprung,  and  again  we  have  undulations  and  slopes  occupied 
bj  upper  members  of  the  series  which  are  entirely  lost  on  the  steep 
side  of  the  anticlinal.  Again,  at  the  outer  or  northernmost  escarp- 
ment of  the  Grunten  (fig.  18),  we  have  the  same  tremendous  fault  as 
that  before  spoken  of  along  the  Bigi  and  Rossberg,  showing  the 
nagelflue  and  molasse  in  juxtaposition  with  the  lower  neocomian. 
In  this  last  case,  however,  the  molasse  is  rather  thrown  off  to  dip 
away  from  the  secondary  rocks ;  but  along  the  same  line  of  fault,  ana 
immediately  to  the  west  of  the  river  Iller,  all  the  mountains  of  iu|^* 
flue  again  appear  to  plunge  directly  under  the  zone  of  flysch.  They 
there  mark  the  grana  outer  line  of  disseverment  between  the  molasse 
and  all  pre-existing  strata,  which  trending  from  near  Immmstadt  in 
the  Allgau,  passes  by  Dombim  and  Hfulach*  south  of  Br^;enz. 
This  same  line  of  fracture  is  again  magnificoatly  displayed  in  the 
canton  Appenzell,  along  the  precipitous  north-western  race  of  the 
Hoher  Sentis.  There,  the  upper  portions  of  the  enormous  masses 
of  molasse  and  nagelflue,  dipping  away  to  the  S.E.  ^m  the  St.  Gal- 
len  asds  before-mentioned,  openpy  mountain  pasture  tractsf,  whose 

*  At  Haslach  near  Ddrnbirn,  M  the  right  bank  of  the  Rhine,  the  nummulite 
rock  is  so  collocated,  that  any  one  ignorant  of  fossils  would  really  believe  that  it 
passed  under  the  limestones  of  the  StauiTen,  composed  of  lower  and  upper  neoco- 
mian rocks. 

t  Handwyler  Hohe,  Kronberg,  Petersalp,  &c.|  these  conglomerates  range  into 
the  Speer  mountain,  and  thence  to  Wesen. 
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sharp  and  peaked  ridges  have  in  some  places  the  high  inclination  of 
65^  to  70°. 

When  viewed  longitadinally  in  the  little  valley  of  Weisshad,  nothing 
can  he  more  striking  than  the  aspect  of  these  bold  tertiary  peaks  on 
the  one  hand,  and  the  massive  cretaceous  precipices  on  the  other, 
nnder  which  they  seem  to  dip*.  Examination,  however,  shows  an 
enormous  void  between  these  two  classes  of  rocks.  The  upland  valley 
is  indeed  encumbered  wilh  much  detritus,  as  is  frequently  the  case 
along  such  lines  of  &ult,  and  for  the  most  part  fragments  only  of  dis- 
membered flysch,  with  a  rare  specimen  of  nummulite  limestone,  are  to 
be  seen  as  memorials  of  the  vast  destruction  of  intervening  rocks 
which  has  occurred.  In  one  spot,  however,  at  a  little  cascade  under  the 
Thurm,  one  of  the  buttresses  of  the  Sentis,  I  detected  a  portion  of  the 
flysdi,  which  is  fairiy  bent  under  the  cretaceous  masses  of  the  moun- 
tain, which  I  believe  to  represent  the  sewer-kalk  or  chalk ;  for  in  the 
heights  above  this  cascade.  Prof.  Brunner  and  myself  reached,  after 
some  peril  and  labour,  a  zone  of  secondary  green  sandstone.  M.  Escher 
has,  indeed,  shown  that  the  chief  culminatincmasses  are  sewer-kalk 
or  dialk  based  on  greensand  and  neocomian.  That  author  pointed  out 
to  me,  that  the  Sentis  group  is  not  merely  a  double  or  triple  chain,  but 
is  made  up  of  six  lines  of  riches,  in  which  the  greensand  and  chalk  are 
repeated  with  supracretaceous  troughs.  He  haa  drawn  for  me  the  dia- 
grams in  the  annexed  plate  (PI.  VII.),  which  are  the  result  of  his  long 
and  patient  examination  of  this  remarkable  tract.  These  transverse 
sections,  made  at  short  intervab  from  each  other,  will  explain  better 
than  pages  of  description,  how  the  apparent  alternation  of  formations, 
whose  denuded  edges  crop  out  to  the  surface,  is  due  to  folds,  the  axes 
of  which,  though  occasionally  vertical,  are  usually  oblique  or  inverted 
towards  the  h^h  chain  of  the  Alps,  and  thus  often  present  their 
chief  escarpment  to  the  hills  of  younger  tertiary  conglomerate.  By 
this  arrangement,  nummulitic  eocene  rocks  (/,  g)  dip  for  the  most  part 
under  strata  of  anterior  age ;  and  whilst,  on  the  S.E.  face  of  the 
mountain,  they  plunge  towards  the  Alps  (there  r^ularly  overlying 
the  chalk  and  ereensand),  on  the  north-western  side  they  are  trun- 
cated between  me  molasse  (m)  on  the  one  hand  and  the  cretaceous 
rocks  (a,  6,  c,  d)  on  the  other,  but  usually  dipping  under  the  latter. 

Another  most  instructive  section,  and  parallel  to  the  above,  is  that 
which  proceeds  from  the  molasse  and  nagemue,  the  mountain  called  the 
Speer  (fig.  14,  p.  200)  on  the  N.N.W.  across  an  inverted,  inclined  axis, 
which  clearly  exposes  nummulite  rocks  and  sewer-kalk  on  either  side 
of  a  nucleus  of  neocomian  limestone ;  whilst  by  another  fold  the  whole 
series  up  to  the  flysch  is  displayed  in  a  lofty  basin,  where  the  ino- 
ceramus  limestone  rises  n^idly  into  the  lofty  mountain  Lvskamm, 
from  which,  after  some  undulations,  we  see  a  regular  descendmg  order 
through  the  whole  cretaceous  rocks  and  the  Jurassic  svstem  of  this 
region,  as  displayed  in  the  cliffs  on  the  north  side  of  the  lake  of 
Wallenstadt. 

If  each  Alpine  region  be  examined  in  detail,  and  its  geological  fea- 

*  See  fig.  14,  p.  200,  and  plate  of  M.  Etcher's  Sections,  pi.  vii.  In  the  latter 
the  six  ridges  alluded  to  are  numhered  i.  to  vi.  I  have  pointed  out  the  transition 
bed  (f )  and  have  distinguished  the  eocene  firom  the  cretaceous. — R.  I.  M. 
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tures  laid  down  on  maps  in  the  manner  in  which  L.  yon  Bnch, 
Prof.  Studer  and  M.  Escher  de  Linth  are  working  them  out,  it  will 
be  seen,  that  although  their  major  axes  have  a  strike  from  E.N.E. 
to  W.S.W.,  there  are  numberless  local  deviations,  and  sometimes  to 
a  very  considerable  extent.  In  fact,  it  is  in  the  very  nature  of  the 
formations  which  clasp  round  such  eUipsoids  as  those  before  spoken 
of,  that  they  should  present  local  aberrations  from  any  one  chief  line. 
Such  divarications  occur  in  the  masses  which  surround  the  great 
ellipsoid  of  the  Grisons  and  the  canton  Glarus ;  for  although  the  major 
axis  of  that  tract  proceeds  from  E.N.E.  to  W.S.W.,  the  strata  where 
they  conform  in  outline  to  the  ends  of  the  eUipse,  depart  considerably 
from  the  normal  direction.  I  examined  this  phsenomenon  on  the 
north-eastern  portion  of  the  external  zone  of  this  great  ellipsoid  in 
the  company  of  M.  Escher,  viz.  in  the  environs  of  the  lake  of  Wal- 
lenstadt ;  and  as  a  map  of  this  tract  was  coloured  for  me  on  the  spot 
by  my  companion,  I  have  exhibited  it  to  the  Geological  Society,  to 
illustrate  the  phenomenon  under  consideration.  To  attempt  to 
describe  this  tract  in  words  would  be  in  vain,  and  I  therefore  content 
myself  with  saying,  that  this  map  shows,  that  whilst  the  chief  anti- 
clinal and  synclinal  lines  conform  to  the  general  axis  of  the  chain,  the 
rock  masses  of  various  ages,  from  the  Jurassic  to  the  nummulitic  rocks 
and  flysch  inclusive  (which  in  the  chief  ridge  of  Sentis  and  along  its 
outer  face  strike  E.N.E.),  are  bent  round  to  the  S.E.  and  S.  at  the 
east  end  of  the  lake  of  Wallenstadt  and  in  the  valley  of  the  Rhine 
near  Sargans.  In  this  short  space  the  rocks,  therefore,  become 
strikingly  divergent  from  the  major  axis,  or  in  other  words,  they  fold 
round  the  extremity  of  the  ellipsoid.  I  must  leave  others  to  expa- 
tiate on  the  phsenomenon,  which  will  be  the  better  understood  when 
M.  Studer  shall  have  developed  all  his  views,  and  when  it  may  be 
ascertained,  that  the  massive  ellipsoids  of  Mont  Blanc,  the  Finsteraar- 
hom,  the  St.  Gothard,  La  Selvretta,  &c.  have  been  acted  upon  by 
subterranean  forces  peculiar  to  each,  and  yet  all  putaking  of  one 
common  hne  of  direction. 

It  is  worthy  of  remark,  that  just  as  the  metamorphism  of  the 
rocks  is  greater  as  we  approach  the  centre  of  the  cham,  so  do  the 
sedimentary  masses  the  more  arrange  themselves  on  the  surface,  as 
if  their  external  configuration  were  intimately  connected  with  some 
grand  crystalline  change.  On  the  other  hand,  as  we  extend  our 
researches  to  the  outer  zones  of  the  chain,  we  pass  over  numerous 
folds  and  breaks^  all  of  which  are  evidently  referable  to  pure  me- 
chanical agency.  Thus,  on  the  N.W.  face  of  the  synclinal  valley  of 
Wildhaus,  we  meet  with  the  system  of  flexures  in  the  Hoher  Sentis 
already  alluded  to  (PI.  VII.),  whereby  the  neocomian,  greensand  and 
chalk  are  repeated  on  lines  trending  due  N.E.  and  S.W.,  and  forming 
the  ridges  and  troughs  of  that  remarkable  group,  slightly  divergent 
from  parallehsm  to  the  true  axis.  In  alluding  to  the  synchnal  troughs 
which  run  parallel  to  the  major  axes  of  the  Alps,  it  is  to  be  observed, 
that  in  one  tract  the  same  trough  will  be  round  unbroken,  which 
when  followed  in  its  direction,  shows  different  degrees  of  rupture. 
One  of  the  troughs  before  alluded  to  in  the  promontory  of  Burgen 
(figs.  9  &  10,  p.  1 92),  on  the  west  side  of  the  Lake  of  the  rour  cantons, 
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or  in  other  words,  the  prolongation  of  the  great  synclinal  occupied  hy 
the  Alpnach  branch  of  the  lake  of  the  foor  cantons,  is  seen  to  consti- 
tute a  good  massive  synclinal-formed  hill,  the  promontory  of  Burgen, 
in  which  the  nmnmuUte  and  flysch  rocks  are  troughed  on  neocomian 
and  cretaceous  limestones ;  but  if  followed  to  the  opposite  side  of  the 
lake  to  Viznau,  yiz.  in  the  same  direction  (in  the  space  of  two  or 
three  miles),  that  which  was  in  a  synclinal  form  has  become  the  scene 
of  that  grand  fault  or  rupture  by  which  the  upper  nagelflue  plunges 
against  and  apparently  under  the  neocomian,  almost  to  the  exclusion 
of  the  nummulite  and  flysch  rocks,  fragments  of  which  only  appear 
(fig.  1 2,  p.  1 95) .  Following  on  this  line  to  the  N.E.,  across  the  lake  df 
Lowerz,  the  representatives  of  the  nummulite  rocks  and  flysch  are  in- 
tercalated, though  in  a  highly  broken  condition,  between  the  molasse 
and  nagelflue  of  the  Rossberg  and  the  cretaceous  rocks  of  the  My  then ; 
whilst,  still  ^rther  to  the  N.E.,  these  nummuUtic  rocks,  so  squeezed 
up  on  the  flanks  of  the  Mythen,  expand  into  the  tracts  south  of 
E^nsiedeln,  where  I  have  mentioned  them  as  havmg  an  inverted  dip, 
or  towards  the  axis  of  the  chain  (fi^.  1 3,  p.  1 97) .  Thus,  that  which  is 
an  overlap  in  one  portion  of  the  sides  of  a  synclinal,  and  whereby  an 
enormous  transposition  or  slide  of  the  masses  has  occurred,  often  occa- 
sioning the  absolute  destruction  of  copious  formations  along  the  line 
of  fracture,  on  another  part  of  the  same  line  is,  as  far  as  external 
appearances  go,  a  complete  overthrow,  in  which  the  older  rocks  are 
superposed  to  the  younger. 

As  the  same  physical  relations  of  the  rocks,  whether  in  anticlinal 
or  synclinal  forms,  are  seldom  persistent  for  more  than  a  few  leagues, 
and  rarely  in  absolutely  right  lines,  so  but  few  of  the  longitudinal 
faults  are  continued  for  great  distances  without  interruption  or 
change  in  their  conditions ;  and  although  some  of  them  pass  across 
transverse  valleys  without  much  deviation  from  their  strike,  it  is  not 
unfrequent  to  see  a  considerable  lateral  displacement,  or  as  it  were 
a  movement ''  en  ^hellon,"  in  masses  occupying  the  opposite  sides 
of  any  broad  transverse  valley.  In  crossing  the  valley  of^the  Rhine, 
for  example,  near  its  "  d^uch^  "  into  the  lake  of  Constance  at  Bre- 
g^,  in  the  direction  or  continuation  of  the  synclinal  flysch  valley  of 
Wildhaus,  we  find  a  large  outlier  of  cretaceous  rock  at  Escheu  on 
the  right  bank,  which  is  in  fact  an  anticlinal  of  neocomian,  flanked 
by  sewer-kalk  or  chalk,  and  trending  N.E.,  whilst  the  chief  trough 
or  synclinal  of  flysch  setting  on  to  the  south  of  Feldkirch,  trends  de- 
cidedly E.N.E.  across  the  fil*. 

The  great  cretaceous  masses  of  the  Hoher  Sentis  are  repeated  or 
continued,  it  is  true,  in  a  general  way  in  the  mountains  of  the  Hohe 
Kugel  and  the  Staitffen  {vie  insulated  hill  of  Kamor  in  the  valley  of 
the  Rhine  serving  as  a  link  between  the  opposite  promontories)  ;  but 
there  the  nummuhte  Hmestone,  instead  of  being  thrown  o£f  the  cre- 
taceous rocks,  as  in  the  Fahnem  mountain  on  the  left  bank,  as  before 
explained  (fig.  1 5),  is  abruptly  collocated  with  an  inverted  dip  ^fig.  1 6) 
against  a  grand  neocomian  escarpment ;  whilst  between  that  junction 

*  See  Wurl's  Map  of  Switzerland,  which  is  recommended  strongly  to  all  geo- 
graphers and  geologists. 
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and  the  molasse,  the  beds  of  flysch  are  exposed  verticallj  in  the  syn- 
clinal of  the  yalley  of  Oberdorf.  This  Dombim  zone  of  niunmalite 
and  fljsch  rocks  is  therefore  the  third  parallel  trough  on  the  rig^t 
bank  of  the  Rhine,  reckoning  from  the  higher  and  central  Alps, 
lost  as  the  zone  of  the  same  rocks  in  the  Fumem,  which  is  almost 
lost  in  the  fault  of  the  Weissbad  yalley,  is  the  third  repetition  of  sudi 
formations  on  the  left  bank  of  thai  river,  reckoning  from  the  copious 
mass  of  it  in  the  high  mountains  of  Glanis,  which  extends  firom  the 
heiffhts  of  Harstock  across  the  yalley  of  the  Semft  by  Elm  and  Engi 
to  the  baths  of  PfefPers  and  the  environs  of  Sareans  on  the  N.E.  Li 
one  portion  of  the  outermost  of  these  folds,  or  Uiat  of  the  '*  Fahnem 
mountain,"  we  have  seen  how  symmetrically  the  nummulite  rock  and 
flysch  overlie  the  cretaceous  rocks ;  whilst  on  the  same  line  on  the 
north,  a  flank  of  the  Hoher  Sentis,  a  few  miles  distant  only,  the  whole 
formation  is  obhterated  by  the  great  fault.  In  the  second  or  in- 
tervening zone  of  Wildhaus,  between  the  Sentis  and  the  Kurfiirsten 
mountains,  the  nummulite  rocks  and  flysch  are  regularly  trooghed 
upon  cretaceous  rocks.  In  the  inner  parallel,  however,  or  that  nearest 
the  axis  of  the  chain,  the  phsenomena  of  inversion  "  en  masse  "  so 
exceed  in  grandeur  anything  of  wluch  I  could  have  formed  an  idea, 
that  I  must  direct  attention  to  it,  particularly  as  I  had  the  advantage 
of  travelling  over  a  lofty  portion  of  the  inverted  tract  in  company 
with  M.  Escher,  who  has  the  exclusive  merit  of  having  worked  out 
the  data. 

Grand  inversion  of  masses  in  the  Canton  Glarus, — ^Ascending  the 
valley  of  the  Semft  by  Engi  to  Elm,  M.  Escher  and  myself  thence 
traversed  the  Martin's-loch  pass,  about  8000  feet  above  the  sea; 
and  in  this  ridge,  which  separates  the  canton  Glarus  from  the 
Orisons,  I  saw  the  rocks  which  I  now  describe  (fig.  28).    The  lowest 


N.N.W.  ,  S.S.E. 

Valley  of  the 
Semft. 


tg.  RjMh.  jr.  urywMuiieeciuK. 

t  /.  Nummulite  rocks  tnd  Glarna  slfttes.  o.  Juim  limettooe. 

M.  ApooTphikl  limestone. 

visible  strata  are  schists  and  Glarus  slates,  the  continuation  of  those 
containing  fishes,  and  with  them  sandy  calcareous  grits  and  limestones 
with  green  earth  and  nummulites  (/).  These  bands  plunge  directly 
into  and  under  the  mountain,  or  to  the  S.S.E.,  and  are  overlaid  by 
a  very  quartzose  variety  of  the  flysch  (^)  which  seemed  to  me  to  be 
a  partially  altered  rock.  On  the  sloping  surface  of  these  grits  we 
detected  a  few  loose  fragments  of  limestone  with  Inoceramus  and 
Belemnites  which  seemed  to  have  fallen  from  some  adjacent  summit. 
The  flysch,  however,  continues  to  be  the  chief  rock  of  the  mountain 


Digitized  by  VjOOQIC 


1848.]      MTJRCHISON  ON  THE  STRUCTURE  OF  THR  ALPS.  247 

antfl  jou  reach  the  depresskm  in  the  high  ridge  where  the  track 
passes  into  the  Grisons,  and  the  crest  is  there  so  narrow  and  ele- 
Tated,  that  we  positively  sat  upon  the  peaks  of  fl^rgch  with  one  1^ 
in  the  Grisons  and  the  other  in  Glanis.  Widening  to  about  100 
feet  or  more  to  the  south-west  of  the  mountain-patl^  this  flysch  is 
then  directly  surmounted  by  a  mass  of  hard  grey  subciystaUine  Ume- 
stone  (x)  (about  150  feet  thick),  which  is  penorated  by  a  natural 
tunnel  or  hole*,  and  hence  the  name  of  Martin' s-loch.  This  lime- 
stone is,  as  far  as  my  eye  could  discern  (and  it  commanded  sereral 
miles  both  to  the  east  and  west),  continuously  superposed  to  the 
flysch  in  varying  and  irregular  thicknesses,  and  more  or  less  in  a 
tabular  position,  over  a  great  area,  including  the  peaks  of  Hanstock, 
linterberg,  and  Karpfstock.  M.  Escher  had,  indeed,  sedulously  fol- 
lowed the  range,  and  had  found  in  it  Jurassic  ammonites  near  the 
Karpfstock.  Now,  this  Umestone  is  in  its  turn  distinctly  overlaid  by 
^  a  zone  of  talc  and  mica  schist  (y),  in  parts  having  quite  the  aspect  of 
a  primary  rock.  This  uppermost  rock,  according  to  M.  Escher,  is 
an  integral  part  or  continuation  of  the  Semft  conglomerates  and 
schists  which  are  seen  in  the  adjacent  vale  of  Wallenstadt  to  lie  be- 
neath the  whole  secondary  series.  Before  I  made  this  section,  I 
had  supposed  that  the  younger  and  nummulitic  deposits  might  be 
simply  plastered  up  on  the  sides  of  the  older  rocks,  and  not  really 
pass  under  them.  But  the  examination  of  the  lofty  and  narrow 
ledge  I  had  traversed  checked  such  hypotheses,  for  on  both  sides 
of  it  I  witnessed  the  same  relations.  Again,  I  tried  to  imagine,  that 
without  any  inversion  of  the  strata,  metamorphism  had  here  seized 
upon  all  the  upper  strata  to  the  exclusion  of  the  lower ;  but  this 
spectdation  was  equally  fruitless;  for,  independently  of  the  proof 
obtained  by  M.  Escher,  that  the  overlying  limestone  contained  ammo- 
nites, that  rock  is  quite  unconformable  to  the  flysch  on  the  edges  of 
which  it  reposes  irregularly.  I  was  also  well  assured  from  pretty 
extensive  observation,  that  no  such  rock  existed  in  any  part  of  the 
supracretaceous  series.  In  descending  from  the  summit-ridge  into 
the  valley  of  the  Vorder  Rhein  in  the  Grisons,  I  had,  indeed,  another 
and  an  independent  proof,  that  the  rocks  underlying  the  solid  lime- 
stone, with  its  cover  of  talc  schist,  were  really  of  supracretaceous 
age,  for  we  found  in  them  both  nummulites  and  the  same  teeth  of 
fishes  which  characterize  the  flysch  in  many  other  tracts.  At  this 
point  the  fossiliferous  "flysch  '^  beneath  seemed  to  be  quite  uncon- 

*  M.  Etcher  informs  me  thit  the  wpcriKmtiop  of  the  jmrastic  rocki  to  the 
nmnmalitic  exteadt  to  the  Rotenlair  mountain,  in  the  canton  of  Bern,  and  to  the 
Grisons.  In  the  canton  Glams  he  has  found  the  same  relations  to  range  from 
Martin's-loch  to  the  Panix  pass,  where  crystalline  schists,  equally  resting  on  the 
limestone  in  question  and  on  nummulite  rocks,  are  further  surmounted  by  a 
limestone  with  Pentacrinites,  and  resembling  the  modified  inferior  oolite  and  lias 
of  these  regions.  If  ever,  therefore,  it  should  be  attempted  to  explain  away  the 
anomaly  of  Martin's-loch  (as  M.  Escher  well  observes  in  a  letter  to  me),  by  sup- 
poung  that  its  enigmatical  limestone  and  overlying  chlorite  schists  are  mere  modi- 
fications of  true  overlying  ** flysch"  on  Jura  limestone,  still  the  superposition  of 
the  pentacrinite  limestone  to  the  whole  of  the  series  is  inexplicable  except  on  the 
supposition  of  a  complete  overthrow  "  en  masse." 
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formable  to  the  OTerljring  limestones  and  talc  schists.  In  proceeding, 
however,  to  the  openmg  from  the  glacier  of  S^;nes,  where  the  waters 
issuins  from  a  small  lake  or  tarn,  rush  through  crevices  in  the 
secondary  (Oxfordian)  limestone,  the  very  same  masses  of  flysch 
seem  to  dip  under  that  limestone,  which  in  its  extension  occupies  the 
striking  ridges  called  the  Flimser  Stein,  on  the  left  bank  of  the  Vorder 
Rhein.  Tet,  these  very  same  masses  of  Jurassic  limestone,  so  in- 
verted in  the  tract  described,  when  followed  to  the  heights  south  of 
PfefPers  Baden,  are  found  to  plunge  under  the  whole  of  the  massive 
limestones  of  neocomian  and  cretaceous  age,  and  finally  to  be  sur- 
mounted by  nummuhte  rocks  and  those  grand  masses  of  flysch  from 
which  the  mineral  waters  issue  ;  and  thus,  in  proceeding  towards  the 
lake  of  Wallenstadt,  or  towards  the  flank  of  the  chain,  all  is  symme- 
trical and  each  rock  resumes  its  normal  position.  Whether  therefore 
I  examined  the  pass  of  MartinVloch  and  its  respective  sides,  and 
looked  at  its  absolute  sections,  or  cast  my  eye  to  a  distance  over^ 
the  terraces  of  limestone  surmounting  flysch  and  nummulite  rocks 
as  seen  from  its  lofty  summit,  I  was  convinced  that  M.  Escber  was 
correct  in  his  delineation  and  mapping  of  the  ground,  although  he 
ingenuously  urged  me  to  try  in  every  way  to  detect  some  error  m  his 
views,  so  fully  was  he  aware  of  the  monstrosity  of  the  apparent 


inversion*. 

I  dare  not  pretend  to  ofler  an  explanation  of  the  "  modus  operandi  " 
by  which  such  a  marvellous  mutation  of  order  has  been  produced 
over  so  vast  an  area.     I  had  indeed  previously  witnessed  every  pos- 
sible contortion  on  a  minor  scale,  and  I  might  think  it  only  necessary 
to  amplify  the  measure  of  such  movements.     But  it  beoune  neces- 
sary to  admit,  that  the  strata  had  been  inverted,  not  by  frequent 
folds,  as  on  the  sides  of  the  lake  of  Altorf  or  in  the  Hoher  Sentis, 
but  in  one  enormous  overthrow ;  so  that  over  the  wide  horizontal 
area  above-mentioned,  the  uppermost  strata  which  might  have  been 
lying  in  troughs  or  depressions  due  to  some  grand  early  phcation, 
were  covered  by  the  lateral  extrusion  over  them  of  older  and  more 
crystalline  masses ;  the  latter  having  been  forced  from  their  central 
position  by  a  movement  operating  frdm  centre  to  flanks,  or  in  other 
words,  from  the  axial  line  of  disturbance  towards  the  sides  of  the 
chain.     One  inference,  indeed,  seemed  certain,  that  if  the  masses  have 
been  thus  inverted,  there  must  have  since  occurred  enormous  denuda- 
tions to  leave  the  older  Umestone  and  talc  schist  merely  as  the  narrow 
cappings  which  they  form  on  the  summits  of  the  ridges  in  the  manner 
represented  in  fig.  28.     The  grandeur  of  this  phsenomenon  may  to 
some  extent  be  imagined  by  consulting  that  section ;  but  a  true  con- 
ception of  it  can  be  alone  formed  by  climbing  over  the  ridges  in  which 
the  facts  are  laid  bare,  in  one  of  the  most  pictorial  regions  of  the  Alps. 
Not  the  least  extraordinary  feature  of  the  phsenomenon  is  its  appa- 
rent uniformity,  simplicity  and  srandeur,  and  the  absence  throughout 
the  tract  of  those  mechanical  plications,  which,  as  we  remove  our  ob- 

*  The  map  and  sections  in  which  this  startling  phasnomenon  is  recorded,  are 
published  in  the  work  on  the  statistics  of  the  Canton  Glanis,  by  Professor  Heer, 
prcTiously  referred  to. 
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serrations  from  the  supposed  centre  of  disturbance,  become  so  mani- 
fest in  the  outer  group  of  the  Hoher  Sentis  in  the  same  longitude. 
I  am  aware  that  Siere  is  a  great  difficulty  in  accounting  for  the  lateral 
folds  and  ptications  of  the  Alpine  strata,  from  the  supposed  absence 
of  adequate  central  masses  of  erupted  matter  to  dislodge,  roll  over  or 
compress  into  smaller  horizontal  areas,  strata  which  must  once  have 
been  regularly  extended  in  sheets.  But  might  not  the  formation  of 
gpneat  central  crystalline  ellipsoids,  whether  eruptive  or  metamorphic, 
serre  in  some  measure  to  account  for  this  ?  May  not  these  eUipsoids, 
in  being  transformed  and  amplified,  have  operated  as  great  centres 
of  mecluuiical  force  ?  And  witn  our  knowledge  of  the  position  here 
and  there  of  very  considerable  masses  of  true  granite,  may  not  much 
of  that  rock  hare  acted  without  being  visible,  and  may  not  large 
masses  of  it  be  hidden  under  unfathomable  glaciers  ? 

But  leaving  this  enigma,  let  us  return  to  the  consideration  of  the 
lateral  folds  to  which  the  strata  of  these  mountains  have  been  me- 
'chanically  subjected.  In  them  we  learn  not  to  be  sceptical  concern- 
ing the  truth  of  many  sections  in  the  Alps,  such  in  particular  as  those 
of  M.  Hugi,  which  represent  rapid  repetitions  of  lias  and  different 
Jurassic  formations  in  parallel  sheets ;  for  we  need  only  suppose  the 
superficial  portion  of  narrow  undulations  removed  by  a  powerful 
denudation,  and  many  of  the  phaenomena  he  represents  would  be 
at  once  realized. 

I  am  hi4ppv  to  bring  forward  these  few  data  at  the  present  mo- 
ment, when  Professor  U.  Rogers,  one  of  the  authors  of  the  undula- 
tory  or  earthquake  theory  as  apphed  to  mountains,  is  in  England, 
and  when  he  has  taken  the  trouble  to  point  out  to  me  how  some  of 
my  facts  may,  as  he  thinks,  be  explained  on  his  principles  of  illus- 
tration. Putting  aside  his  theonr,  we  have  only,  indeed,  to  look  at 
die  elaborate  map  of  the  AppJachian  chain,  by  his  brother  and 
himself,  and  witness  the  numerous  ellipses  into  which  the  palaeozoic 
masses  have  there  been  turned,  and  scan  the  sections  of  these  authors, 
based  on  positive  data  and  outcrops  of  mineral  masses  worked  for 
use,  in  order  to  comprehend  how  the  enormous  faults  and  stides  have 
there  occurred  just  where  the  strata  have  been  most  bent  and  in- 
verted in  reference  to  the  centre  of  disturbance.  Thus,  the  compa- 
ratively low  chain  of  North  America  may  throw  light  on  some  of  the 
most  complicated  problems  of  our  science,  which  could  scarcely  ever 
have  been  satisfactorily  worked  out  amid  the  confusion  of  the  Central 
Alps,  such  large  portions  of  them  being  inaccessible  to  man  and 
covered  with  eternal  snow. 

The  inversion  or  the  dipping  of  the  strata  towards  the  centre  of  a 
chain,  so  as  to  place  the  older  over  the  younger  deposits,  has  been  a 
subject  of  wonaer,  and  has  hitherto  been  considered  scarcely  expti- 
cable  upon  any  satisfiictory  hypothesis.  In  viewing  the  Ural  moun- 
tains, where  the  same  phsenomenon  is  copiously  displayed,  I  was  dis- 
posed to  account  for  such  apparent  inversion,  by  supposing  that  the 
broken  ends  of  the  strata  had  fallen  into  abysses  or  cavities  produced 
by  the  extravasation  of  the  enormous  masses  of  igneously  formed 
rock,  which  are  there  seen  at  hand  as  if  ready  to  explain  the  facts. 
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But  this  explanation  is  totally  inapplicable  to  the  Appalachians.  It 
is  almost  impossible  also  to  applj  this  reasoning  to  the  Alps,  from  ^le 
absence  of  masses  of  erupted  matter  adequate  to  account  for  the  phse- 
nomenon  by  displacement.  But,  however  we  may  theorize,  it  moBt 
be  admitted,  that  in  nearly  all  the  alpine  folds  to  which  my  attention 
was  directed,  the  longer  1^  of  each  anticlinal  slopes  towards  the  centre 
of  the  diain,  whilst  the  steeper  talus  or  shorter  leg  of  the  flexure  is 
away  frt)m  it  (see  figs.  12  &  14,  and  Plate  VII.).  Besides  the  occur- 
rence of  this  pheenomenon,  which  is  the  basis  of  the  theory  of  Professor 
Rogers,  the  Alps  seem  further  to  exhibit,  as  far  as  I  know  them, 
the  same  longitudinal  faults  as  the  Appalachians,  whereby  fractures 
haying  occurred  either  on  the  most  bent  portion,  or  the  steep  side  of 
the  anticlinal  or  synclinal  folds,  the  result  has  been  (explain  it  how 
we  may)  the  lateral  overlapping  of  the  older  rocks  upon  me  younger. 
In  saying  that  I  am  not  prepared  to  subscribe  to  the  earthquake 
theory,  I  have  to  thank  Professor  H.  Rogers  for  having  drawn  dia^ 
fframs  to  explain  two  of  the  most  frequent  cases  of  such  overlap  and 
mversion,  as  they  occur  indeed  in  my  own  sections,  showing  how  the 
axes  of  each  trough  or  ridge  were  first  forced  into  oblique  positions, 
followed  by  the  fractures  m  question,  and  then  by  the  transgressive 
sliding  of  older  over  newer  deposits  by  lateral  pressure.  "Die  fol- 
lowing is  his  explanation. 

''  I  have  endeavoured  (says  Professor  Rogers)  in  the  annexed 
diagrams  to  illustrate  two  very  common  kinds  of  faults  or  dislocations 
occurring  in  regions  of  closely-compressed  or  inverted  flexures.  Id 
one  case  (fig.  29.  Nos.  1,  2  &  3)  the  fracture  coincides,  or  very 
nearly  so,  with  the  anticlinal  axis  plane  and  the  plane  which  cuts  the 
two  branches  of  the  anticlinal  flexure  at  the  same  angle ;  the  other 
instance  (fig.  ^0.  Nos.  1,  2,  3)  is  where  the  dislocation  is  in  the  syn- 
clinal axis  pUne.  The  displacements  here  shown  are  both  of  them 
upcasts  alo^g  the  inclined  plane  of  the  fault.  In  all  obtique  com- 
pressed flexures,  this  plane  of  the  fault  dips  of  necessity  towards  a 
more  disturbed  side  of  the  district.  The  effect  of  both  of  these 
classes  oif  fracture  is  to  bring  an  older  set  of  strata  superimposed  in 
approlimate  parallelism  of  dip  upon  a  newer  series,  but  wiUi  oppo- 
site conditions,  the  anticlinal  fracture  inverting  the  beds  on  the  side 
below  or  beyond  the  fault,  while  the  synclinal  fracture  inverts  those 
on  the  upper  or  nearer  side :  I  think  it  will  be  found  that  the  first 
phasis  is  by  far  the  most  common  in  the  Alps.  The  greater  part  of 
the  dislocations  of  the  Appalachian  chain  are  certainly  of  this  cha- 
racter, the  fracture  being  either  in  the  anticlinal  plane  or  a  tittle  be- 
yond  the  axis,  in  the  short  inverted  1^  of  the  flexure.  Most  of  the 
cases  of  inversion  in  the  Alps  which  your  interesting  sections  display, 
and  to  which  you  have  kindly  drawn  my  attention,  are,  I  think, 
simply  instances  of  dislocation  along  the  anticlinal  planes  of  inverted 
or  closely-compressed  oblique  flexures,  A  few,  however,  appear  to 
have  residted  from  faults  along  the  synclinal  planes.  I  have  not 
here  exhibited  the  other  less  usual  forms  of  dislocation,  or  treated  of 
the  cases  where  the  displacements  are  downthrows  and  not  upthrows 
along  the  mclined  plane  of  the  fault." 
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This  ingenious  explanation  of  Professor  H.  Rogers  may,  it  appears 
to  me,  be  very  well  applied  to  those  examples  in  the  Alps  where,  as 
assumed  by  him  in  his  diagrams,  the  strata  of  different  ages  have 
originaUy  been  continuously  and  conformably  superposed.     Such, 

Fig.  29. 

Fracture  through  the  antieHnal  axis-plane  qf  an  inverted  flexure  {(he  elevated 
nwuntaint  are  to  the  right  hand). 

No.  2.  After  fracture  and 
displacement. 
No.  1.  Commencement  of 

fractnre  after  flexure.  No.  3.  After  denudation. 


Fig.  30. 
Fracture  through  the  tyneUndl  axit-plane  qfan  inverted  Jlexure, 


No.  1 .  Fracture  before 

diaplaeement.  No.  9.  After  displacement. 


No.  3.  After  denudation. 


for  example,  may  have  been  the  case  in  all  those  tracts  where  the 
cretaceous  rocks  were  formerly  surmounted  by  nummulite  limestone 
and  flysch,  and  where,  after  having  been  thrown  into  inverted  anti- 
clinals  and  synclinals,  thev  were  afterwards  fractured  and  denuded  in 
the  manner  clescribed.  Of  this  class  of  faults  the  figures  16  and  19 
may  be  cited  as  very  probably  answering  to  the  law  of  displacement 
observed  in  the  United  States*.   In  the  first  of  these,  near  bdmbim, 

*  I  Bay  probabfy,  because  in  the  Alps  the  subterranean  course  of  faults  has  not 
been  ascertained  by  mining  operations  as  in  the  United  States,  and  examination  is 
usually  much  impeded  by  vast  quantities  of  detritus. 
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the  nummulitic  strata  (/)  which  are  mclined  at  an  angle  of  about  45% 
may  really  pass  under  the  truncated  edges  of  the  lower  neocomian 
lunestone  (a)  in  the  manner  represented.   In  fig.  1 9  the  beds  of  flysch 
of  the  Bo^hen  may  be  similarly  overlapped  by  the  neocomian  lime- 
stones of  the  Schwartzenbere  in  a  similar  manner,  though  probably  the 
angle  of  the  line  of  fault  b  different  from  that  at  Ddmbim.    In  both 
these  cases,  as  in  many  others  throughout  the  Alps,  where  the  press- 
ure has  been  so  exerted  from  the  centre  towards  the  flanks  of  the 
chain  as  to  invert  the  axes  of  a  series  of  formations  originally  con- 
formable, the  law  or  rule  of  Professor  Rogers  may  be  found  to  apply. 
On  the  other  hand,  a  different  method  of  reasoning  may  be  neces- 
sary, in  reference  to  the  great  Swiss  faidt  between  the  molasse  and 
aU  pre-existing  rocks  (see  figs.  12,  13,  14,  17,  &c.) ;  for  in  no  case 
was  the  molasse  and  nagelflue  originally  superposed  conformably  on 
the  pre-existing  strata  out  of  which  it  has  been  formed.   These  older 
strata  must,  in  fact,  have  undergone  many  of  their  contortions  before 
the  molasse  was  accumulated  on  their  flanks,  and  in  no  instance  can 
the  latter  be  observed  in  conformable  undulation  with  the  former. 
In  no  case  (as  far  as  I  know)  do  the  molasse  and  nagelflue  partake 
of  any  fold  which  has  affected  the  older  rocks.    On  the  contrary,  they 
are  always  abruptly  truncated  against  such  older  strata,  and  more  fre- 
quentlv  with  an  inverted  dip  than  otherwise.     It  is  indeed  manifest 
from  tne  composition  of  the  nagelflue,  that  when  it  was  formed,  the 
secondary  rocks  of  the  Alps,  and  even  the  nummuUte  rock  and  flysch, 
were  hard  soUd  masses ;  m  fact,  just  in  the  lithological  state  we  now 
find  them.    Again,  we  cannot  look  at  the  sections  on  the  flanks  of 
the  Rigi,  Hoher  Sentis,  &c.  (figs.  12,  13,  14,  pp.  195,  197,  200,  &c.), 
where  the  upper  conglomerate  of  the  molasse  is  forced  into  inverted 
and  unconformable  contact  with  the  older  rocks,  without  perceiving 
that  the  great  anticlinal  of  the  regenerated  and  younger  strata  (m)  is 
vertical,  and  not  inverted  as  in  the  older  and  folded  rocks.   Ana  this 
fact  teaches  us,  that  the  forces  which  upheaved  the  molasse  and 
nagelflue  were  independent  of  those  which  contorted  and  produced 
the  earlier  fractures  in  the  chain. 

But  whatever  view  we  may  take,  the  phsenomena  of  the  group  of  the 
Hoher  Sentis  present  us  with  very  remarkable  problems  not  easily  re- 
concilable (seePl. VII.  p.  243) .  Whetherviewed  from  the  plains  around 
the  lake  of  Constance,  or  examined  in  its  precipitous  and  ragged  sides, 
few  geolo^sts  would  doubt  that  this  cluster  of  mountains  had  taken 
up  its  position  relative  to  the  lower  country  by  a  great  upcast  *.  Yet 
nowhere  within  it  has  M.  Escher  been  able  to  detect  anything  like 
a  centre  of  upheaval,  still  less  any  motive  cause  of  elevation ;  for 
the  highest  summit  is  not  composed  of  the  oldest  rock  of  the  chain, 
viz.  the  lower  neocomian  (a),  but,  on  the  contrary,  of  the  equivalent 
of  the  chalk  (tf).  Its  remarkable  features  are  rapid  folds  (doubtless 
accompanied  by  some  considerable  faults),  by  which,  in  fact,  the 

*  In  my  section  I  have  hypothetically  drawn  the  line  of  the  great  faolt  between 
the  molasse  and  the  older  rocks  nearly  vertical,  bnt  whether  it  inclines  away  from 
the  chain,  according  to  the  usual  form  of  upcasts,  or  continues  to  pass  under  the 
older  rocks,  is  not  known. 
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group  where  most  extended  is  divided,  as  before  said,  into  no  less 
than  six  .or  seven  parallel  ridges,  with  intervening  troughs ;  and  all 
this  in  a  very  short  horizontal  distance,  wherein  nearly  all  the  strata 
from  the  lowest  neocomian  to  the  flysch  above  the  nummulites  are 
repeated  over  and  over.  Now,  if  these  plications  with  vertical  and 
inclined  axes  be  due  to  any  force  which  has  proceeded  from  the 
centre  of  the  Alps,  is  it  not  extraordinary  that  this  group  of  the 
Hoher  Sentis,  so  far  from  that  centre,  should  exhibit  this  extraor- 
dinary amount  of  contortion,  and  should  also  in  this  respect  differ  so 
essentiallv  from  other  parts  of  the  zone  of  which  it  is  a  prolongation  ? 
for  in  following  the  same  band  of  the  calcareous  mountains  to  the 
south-west,  through  Switzerland,  it  is  found  to  be  of  much  simpler 
contour ;  presenting  seldom,  if  ever,  more  than  one  or  two  folds  and 
a  fault*. 

General  View  of  Changes  in  the  Alps. 

Whilst  the  inaccessible  forms  of  large  portions  of  the  Alps,  their 
fractures  and  curvatures,  and  the  enormous  piles  of  rubbish  on  their 
slopes,  render  it  difficult  to  trace  accurate  sections  of  them,  the  general 
survey  of  this  chain  warns  us  not  to  infer  the  independence  of  for- 
mations from  the  unconformable  or  broken  relations  of  any  one  tract. 
Having  full  confidence  in  the  accuracy  of  the  observations  of  M. 
Favre  in  the  region  so  much  examined  by  De  Saussure, — observa- 
tions the  more  to  be  admired  as  they  have  been  carried  out  in 
the  very  spirit  of  his  illustrious  precursor, — let  us  admit  with  him 
that  the  terrain  it  nummulite  near  Genevaf  and  in  parts  of  Savoy 
reposes  on  Jurassic  rocks,  or  neocomian  limestone  or  greensand,  just 
as  it  has  been  observed  in  the  Maritime  Alps  by  Sismonda,  and  near 
Chambery  by  Chamousset.  Still,  this  is  only  a  proof,  that  in  such 
locahties  the  intermediate  cretaceous  beds  have  either  not  been  ela- 
borated, or  have  been  denuded  by  local  causes  before  the  deposition 
of  the  nummulite  rocks  commenced.  Such  examples  of  a  want  of 
regular  sequence  cannot  be  maintained,  as  M.  Favre  contends,  to  be 
proofs  of  mdependence,  when  set  against  the  examples  of  superposi- 
tion and  passage  into  the  chalk  at  lliones  in  Savoy,  in  the  Appenzell 
Alps,  and  in  the  various  parts  of  Switzerland  and  iBavaria  above  cited. 
The  latter  must  be  viewed  as  the  rules  of  order  and  succession. 
Again,  jud^g  frt)m  the  local  sections  near  Samoens  and  Taninge  in 

*  Professors  Stader  and  Brunner  have  written  to  me  on  the  application  of  the 
theory  of  Professor  Rogers  to  the  Alps.  Thoagh  both  of  them  seem  to  have  had' 
in  a  certain  sense  a  perception  of  his  views,  still  his  explanations  of  faults  appear 
to  me  to  be  distinct  from  those  of  any  of  his  precursors  or  contemporaries.  The 
sections  of  M.  Dumont  of  the  paleozoic  strata  of  the  Ardennes  and  the  palaeozoic 
strata  around  Liege  make  perhaps  the  nearest  approach  to  them.  Professor  Studer 
had  shown,  that  the  undulations  of  the  Jura,  as  described  by  Thurman,  i^esulted  from 
the  elevation  of  the  Alps  (Bull.  Soc  G^L  Fr.  voL  ix.  and  G^ographie  Physique, 
t.  zi.  p.  235).  But  Professor  H.  Rogers  is  quite  of  a  different  opinion  respecting 
the  undulations  of  the  Jura.  Judgmg  from  their  form,  t.#.  with  the  long  slopes 
towards  the  French  side,  and  their  steep  slopes  towards  the  Alps,  he  infers,  on  the 
contrary,  that  the  propelling  force  came  from  the  Black  Forest. 

t  Bulletin  de  U  Soc.  G^l.  Fr.  2nd  ser.  vol.iv.  pp.  999-1001. 
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Savoy,  M.  Favre  believes  that  the  flysch  is  as  independent  of  the 
nummulite  rock  as  the  latter  is  of  the  pre-existing  hmestone ;  whilst, 
if  the  above-mentioned  instance  at  Thones  in  the  same  region  was 
not  sufficient  to  prove  the  contrary,  I  have  shown  by  many  other 
examples,  that  nummulite  rocks  and  flysch  constitute  one  and  the 
same  natural  group  in  which  no  general  severance  has  taken  place.  I 
recur  to  this  point,  because  several  continental  geologists  have  insisted 
on  the  establishment  of  the  '' independence  "  of  formations  by  an 
amount  of  unconformity  which  in  my  opinion  is  simply  due  to  partial  • 
dislocations  and  overlappings  of  the  strata.  Now,  it  is  quite  mani- 
fest from  the  examination  of  any  large  region,  that  movements  of  the 
subsoil  have  occurred  in  one  tract  both  during  and  after  the  accu- 
mulation of  a  deposit,  which  extendiag  their  influence  to  a  certain 
distance  only,  have  not  interfered  with  the  continuous  succession  of 
the  same  deposits  in  a  neighbouring  country.  Changes  of  level  at 
various  periods,  accompanied  by  contortions  and  breaks,  have  often 
produced  those  transgressions  from  which  ''independence'*  is  as- 
sumed ;  whilst  in  following  out  these  very  masses  into  other  tracts 
a  clear  and  conformable  succession  is  developed.  English  geologists 
need,  in  truth,  no  caution  on  this  head,  for  the  phsenomenon  is  well 
known  to  them,  and  it  has  been  recognised  on  the  grandest  scale 
in  North  America,  through  the  labours  of  our  associates  of  that  con- 
tinent. 

Is  there  then  no  formation  in  the  Alps  so  completely  and  univer- 
sally broken  off  from  all  other  deposits  that  it  is  really  independent 
of  them  all  7  As  to  the  oldest  sedimentary  rocks  of  the  chain,  it  is 
unquestionably  true  that  some  of  them  (all  those  at  least  which  are 
affected  by  a  rude  slaty  cleavage)  are  so  essentially  distinct  from  the 
deposits  which  followed,  that  we  may  fairly  suppose  that  they  ac- 
quired their  mutations  in  an  earlier  epoch.  The  most  distinct^ 
however,  as  well  as  the  grandest  of  the  examples  of  true  indepen- 
dence, is  that  of  the  molasse  and  nagelflue  of  Svdtzerland,  to  whose 
position  so  many  references  have  been  made.  As  relates  to  Switz- 
erland and  all  the  northern  face  of  the  Alps,  these  deposits  appear 
to  have  been  so  completely  dissevered  from  all  pre-existms  strata,. as 
to  leave  a  considerable  geological  vacuum  between  them  and  the  eocene 
group.  It  has  accordingly  been  seen,  that  there  is  a  vast  difference  in 
the  fossils  of  the  nummuhtic  group  of  that  chain  and  those  of  the  suc- 
ceeding molasse,  a  difference  which  iaduces  me  to  class  the  latter 
rather  with  the  older  phocene  than  with  the  miocene.  But  when 
we  turn  to  the  southern  flank  of  the  chain,  we  there  find,  as  I  have 
shown,  an  apparent  conformity  from  the  cretaceous  rocks  through 
both  eocene  and  miocene  into  the  pliocene,  although  the  axial  line, 
it  is  to  be  recollected,  is  perfectly  parallel  to  that  of  Switzerland 
and  Bavaria,  where  the  great  hiatus  exists.  In  the  Italian  case,  I  be- 
heve  that  another  parallel  elevation,  posterior  to  the  great  upheaval 
of  the  eocene,  raised  the  external  fringe  of  younger  tertiary  rocks 
into  the  hills  of  Bassano  and  Asolo.  In  treating  of  Italy  and  the 
Apennines,  I  shall,  indeed,  endeavour  to  show  that  those  portions  of 
the  sections  of  the  tertiary  series  which  are  either  denuded  or  imper- 
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lectlj  seen  in  the  tnct  between  the  Brenta  and  the  Piave,  are  taken 
up  and  clearly  displayed  in  the  Monferrato  ridge,  and  that  the  Su- 
perga  exhibits,  on  the  one  hand,  a  downward  transition  from  what  has 
been  considered  true  and  pure  miocene  into  nummulitic  strata,  and 
upwards,  on  the  other,  into  the  richest  subapennine  or  pliocene 
marls  and  sands.  The  great  hiatus  on  the  northern  flank  of  the  Alps 
may  represent,  perhaps,  the  upper  portion  of  eocene,  and  the  lower 
part  of  what  has  been  termed  the  miocene  age,  whilst  on  the  south,  evi- 
dences have  been  left,  of  apparent  transitions  from  one  to  the  other. 

The  conclusion  therefore  is,  that  without  quitting  the  Alps  and 
their  immediate  flanks,  we  may  argue  for  or  against  the  independence 
of  several  formations,  according  to  the  tract  we  survey.  In  £ngland 
the  coal  is  generally  conformable  to  the  mountain  or  carboniferous 
limestone.  But  now  we  know,  that  what  is  true  in  England  and  the 
west  of  Europe,  is  not  so  in  certain  parts  of  Bohemia  and  Poland. 
In  these  two  countries  a  great  dislocation  has  taken  place  after  the 
deposition  of  the  mountain*  or  carboniferous  timestone  with  its  large 
Producti,  and  before  the  accumulation  of  the  overlying  coal-fields ; 
the  former  being  highly  inclined  together  with  Devonian  and  other 
pakeozoic  rocks,  whilst  the  latter  are  horizontal. 

Nothing,  however,  that  I  have  stated  must  be  taken  as  militating 
against  the  indisputable  pheenomena  of  dislocations  having  occurred  in 
one  region  whilst  adjacent  countries  remained  quiescent, — ^phenomena 
which  often  enable  us  to  mark  the  seras  of  such  disturbances.  It  is 
not  against  such  general  views  of  M.  1^.  de  Beaimiont  that  I  contend, 
but  simply  against  the  abuse  of  them,  in  the  hands  of  those  who  would 
magnify  into  too  great  importance  local  and  partial  lines  of  rupture. 
At  the  same  time,  I  cannot  doubt  that  great  mutations  of  outline  have 
taken  place  at  different  periods,  not  oidy  in  and  along  the  same  chain 
of  mountains  on  lines  parallel  to  each  other,  but  even  at  different 
periods  upon  the  very  same  line.  Judging  from  the  analogies  in 
existing  nature,  such  events  might  well  indeed  be  supposed  to  happen 
upon  any  one  line  of  fissure,  where  the  earth's  crust  had  been  once 
much  weakened  by  rupture.  On  this  point  I  may  revert  to  proofs,  cited 
by  myself  in  the  north-eastern  portion  of  the  Silurian  region  of  the 
British  Isles,  to  show  that  similarly  constituted  igneous  matter  had 
been  successively  extruded  alone  the  same  line  of  fissure  or  vent  of 
habitual  eruption,  at  one  period  mingling  and  alternating  with  the 
Silurian  sediments,  afterwards  throwing  them  on  edge,  next  affecting 
carboniferous  strata  which  had  been  deposited  on  the  edges  of  the 
Silurian  rocks,  and  at  a  subsequent  epoch  cutting  in  dykes  through 
the  horizontal  new  red  sandstone,  thereby  isolating  a  basin  of  lias*. 
NoWf  all  this  occurred  upon  one  and  the  same  line  at  those  successive 
epochs. 

In  concluding  this  portion  of  the  memoir,  I  must  further  be  excused 
when  I  refer  to  another  chapter  of  the  '  Silurian  Systemf  for  what 
I  consider  to  be  a  true  delineation  of  Alpine  pheenomena,  although  on 
a  smaller  scale.  In  the  Alps,  as  in  Siluria,  we  see  local  divergent 
strikes,  sometimes  of  consiaerable  extent,  amidst  rocks  of  the  same 

*  Silurian  System,  pp.  294  et  nq,  f  See  Chapter  XLII.  p.  572. 
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age,  and  parallelism  of  masses  which  were  formed  at  different  epochs, 
and  in  both  regions  we  trace  the  disturbance  and  transgression  of 
certain  strata  in  one  tract,  and  their  inosculation  and  quiet  transition 
in  another. 

In  the  preceding  pages  I  have  endeavoured  to  present  one  general 
view  of  the  successive  formations  of  the  Alps,  from  the  earliest  periods 
in  which  there  are  traces  of  life,  until  that  grand  rupture  occurred,  by 
which  the  youngest  tertiary  deposits  of  the  north  flank  of  the  chain  un- 
derwent those  tremendous  movements,  which  left  them  in  their  highly- 
inclined  and  apparently  inverted  positions.  With  the  exception  of  the 
evidences  of  a  very  limited  terrestrial  vegetation  afforded  by  some  of 
the  older  strata,  and  again  by  the  lower  portion  of  the  eocene  or  num- 
mulitic  group  (which  can  be  accounted  for  by  vegetable  matter  having 
been  drifted  into  bays  or  estuaries),  nearly  all  the  sedimentary  rocks  be- 
speak, through  their  imbedded  organic  remains,  a  continuous  accumu- 
lation under  the  sea.  Passing  by  for  the  present  the  palaeozoic  rocks 
and  the  trias,  as  yet  only  known  in  the  Eastern  Alps,  and  Umiting  our 
attention  to  the  Western  Alps,  we  cannot  view  the  grand  succession 
of  Jurassic,  cretaceous  and  nummuUtic  formations  without  perceiving, 
that  although  some  of  them  were  unquestionably  formed  in  shallow 
water,  even  these  must  have  been  depressed  to  very  great  depths  in 
order  to  account  for  the  copious  and  continuous  superposition  of 
other  and  younger  marine  deposits  of  vast  thickness.  In  appealing 
to  the  serie«»  of  natural-history  records  as  written  on  the  widls  of  the 
Alps,  we  find  that  extensive  and  sometimes  entire  changes  in  the 
ammals  of  these  seas  took  place,  even  when  the  beds  in  which  their 
relics  are  now  entombed  appear  to  have  succeeded  each  other  without 
any  general  physical  fractures  or  derangements  of  the  then  existing 
surface.  In  no  case  is  this  so  remarkable,  however,  as  when  the 
nummulitic  or  eocene  group  surmounts  by  conformable  transition 
the  uppermost  member  of  the  cretaceous  system. 

At  length,  however,  a  period  arrived,  when  all  these  great  masses, 
which  for  the  most  part  had  hitherto  been  in  a  submarine  condition, 
were  elevated  and  desiccated,  so  as  to  constitute  terra  firma,  probably 
in  the  form  of  a  rocky  and  abrupt  island.  It  was  this  land,  of  whose 
altitude  we  can  now  form  no  accurate  idea,  which  furnished  the 
pebbles,  sand,  marl  and  other  materials  which  compose  the  molasse 
and  nagelflue.  The  absence  of  all  links  to  connect  wis  molasse  of  the 
Northern  Alps  vdth  the  pre-existing  eocene  strata  coincides,  therefore, 
with  the  facts,  that,  owing  to  disturbance  and  elevation,  the  older  ter- 
tiary strata  constituted  terrestrial  masses,  before  the  earliest-formed 
pebbles  or  sand  of  the  nagelflue  were  deposited.  In  this  way  the 
vast  hiatus  between  the  one  set  of  rocks  and  the  other  is  well  ex- 
plained. In  examining  the  molasse,  we  are  assured  by  its  fossil  remains, 
whether  animal  or  vegetable,  that  during  the  very  long  period  which 
must  have  elapsed  during  its  increment,  the  climate  must  have  been 
much  warmer  than  that  of  the  same  region  in  the  present  day.  The 
arborescent  palms  and  intertropical  plants  which  then  grew  upon  the 
adjacent  lands  of  the  Alps  and  the  Jura,  the  rhinoceros  and  6ther 
large  herbivorous  quadrupeds  which  browsed  upon  them,  the  large 
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tortoises  and  the  gitat  aquatic  salamanders  of  the  lakes,  as  well  as 
the  marine  shells  of  the  then  hays  of  the  sea,  are  all  unanswerable 
evidences  of  a  very  different  chmate  from  that  which  now  prevails.  So 
far  we  can  without  difficulty  picture  to  ourselves  the  former  state  of 
thines  during  the  accumulation  of  the  molasse.  But  when  we  attempt 
satisfactorily  to  analyse  the  physical  changes  even  of  this  sera,  we 
encounter  considerable  difficulties.  The  boldest  speculator  may  be 
well  startled  when  he  is  called  upon  to  explain  the  modus  operandi 
by  which  regularly  stratified  masses,  thousands  of  feet  thick  and  for 
the  most  part  formed  under  fresh  water,  have  been  piled  up  one  on 
the  other.  He  may  at  first  suppose  that  the  well-rounded  Alpine 
pebbles  in  these  strata  resulted  from  the  action  of  various  rivers ; 
but  a  survey  of  the  region  soon  convinces  him  that  such  local  causes 
would  be  wholly  inadequate  to  explain  such  a  general  phsenomenon. 
The  grandeur,  width,  depth,  and,  above  all,  the  longitudinal  persist- 
ence of  this  enormous  mound  of  detrital,  yet  finely  laminated  mate- 
riab,  ranging  as  it  does  along  the  whole  external  northern  face  of  the 
chain,  can  never  be  explained  by  the  action  of  separate  rivers  which 
issued  from  openings  into  insular  lands,  unquestionably  of  much  less 
height  than  the  present  Alps.  Such  lands  could  only  give  rise  to  small 
partial  deltas,  each  streammg  out  from  the  centre  of  their  origin  like 
spokes  in  awheel,  and  could  never  have  produced  the  one  gigantic  ac- 
cumulation of  the  molasse  and  nagelfiue,  which  does  not  run  far  up 
into  the  recesses  of  the  Alps,  but  constitutes,  on  the  contrary,  their 
broad,  external  barrier.  It  may,  indeed,  be  suggested  that  the  detritus 
resulting  from  innumerable  small  torrents  descending  from  a  precipi- 
tous rocky  isle,  were  accumulated  on  a  steep  shelving  shore,  Uke  that 
of  the  present  Maritime  Alps ;  but  however  this  may  have  been,  it  is 
manifest  that  the  bottom  of  the  waters  which  bathed  that  shore, 
whether  freshwater,  brackish  or  marine,  must  have  been  successively 
depressed  to  enormous  depths.  This  long-continued  depression  can 
indeed  alone  enable  us  to  account  for  the  heaping-up  of  these  sub- 
aqueous materials  throughout  such  a  thickness,  and  consequently 
during  so  long  a  period.  It  is  also  self-evident,  that  whilst  they  were 
depositing,  the  materials  of  the  molasse  must  have  been  arranged  in 
strata  which  sloped  away  from  their  parent  rocks  of  the  Alps. 

At  this  point,  then,  in  the  history  of  these  mountains,  we  can  arrive 
by  an  interpretation  of  the  materials  in  our  hands.  But  with  the 
close  of  the  molasse  period,  a  change  came  over  the  surface,  compared 
with  which  all  antecedent  phaenomena  fade  away  in  importance. 
The  very  deposits  of  molasse  and  pebbles,  which  till  then  formed 
sloping  deposits  on  the  shore,  or  more  or  less  grand  horizontal 
masses  at  certain  distances  from  it,  suddenly  underwent  those 
powerful  upheavals  parallel  to  the  lines  of  dislocation  of  the  adjacent 
chain ; — movements  which  not  only  threw  up  horizontal  strata  into 
vertical  axes,  but  cast  down  the  youngest  accumidations  of  that  long 
period  into  positions  which  make  them  appear  to  pass  under  the  verj*^ 
rocks  out  of  which  they  had  been  formed.  Although  in  estimating 
such  gigantic  movements  the  powers  of  imagination  are  at  fault, 
surely  it  is  not  unphilosophical,  with  such  imanswerable  data  before 
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^  US,  to  believe  that  in  those  days  the  crust  of  the  earth  was  afiected 
by  forces  of  infinitely  greater  intensity  than  those  which  now  pre- 
vail. That  the  elevation,  dislocation  and  apparent  inversion  of  the 
molasse  was  a  sudden  operation  or  catastrophe,  is  clearly  demon- 
strated, both  by  the  physical  relations  of  the  strata  of  that  age  to 
those  which  succeeded  them,  and  by  proofs  of  an  immediate  change 
of  ctimate,  probably  due  to  a  great  rise  of  new  lands,  and  the 
elevation  to  much  higher  altitudes  of  all  the  country  which  pre- 
existed. In  attestation  of  both  these  inferences,  we  see  the  ends 
of  the  inclined,  and  often  vertical  beds  of  molasse,  whose  contents 
bespeak  a  warm  or  Mediterranean  chmate,  covered  abruptly  by  hori- 
zontal accumulations  of  ancient  alluvia,  the  animals  and  yegetables 
in  which  announce  a  climate  little,  if  at  all,  different  from  that 
of  the  present  day.  The  extent  to  which  these  old  water-worn 
alluvia  once  filled  up  the  valleys  of  the  Alps,  thereby  indicating  that 
the  chain  was  then  of  less  altitude  than  at  present — the  formation 
of  ancient  glaciers — the  transport  of  huge  erratic  blocks  to  vast 
distances,  and  the  great  and  irregular  elevations  and  deep  denudations 
which  the  whole  area  has  undergone,  are  all  phaenomena  pertaining 
to  this  most  interesting  chain,  on  which,  though  much  has  already 
been  said,  I  hope  at  a  future  day  to  express  my  opinions. 

Part  II. 

On  THE  Cretaceous  and  Nummulitic  Rocks  of  the  Carpa- 
thian Mountains. 

In  1843  I  examined  the  northern  flank  of  the  Tatra  group  of  the 
Carpathian  mountains  with  Professor  Zeuschner,  and  although  I 
never  pubhshed  a  detailed  account  of  that  survey,  I  gave  the  general 
results  of  it  in  the  work  upon  Russia  and  the  Ural  Mountams.  I 
thei)  believed  that  all  the  Carpathian  sandstones,  as  well  as  the  flysch 
of  the  Alps,  were  of  cretaceous  age ;  but  I  now  present  a  section 
(fig.  31)  accompanied  by  explanations,  to  show,  that  whilst  many  of 
these  sandstones  are  of  secondary  age,  there  are  others  which,  sur- 
mounting true  nummulitic  eocene  deposits,  are  clearly  tertiary.  This 
section  is  therefore  now  brought  forward,  both  to  confirm  what  has 
been  stated  in  the  preceding  pages,  and  to  extend  and  modify  the 
view  which  I  previously  entertained  concerning  the  classification  of 
the  formations  on  the  flanks  of  the  Carpathian  mountainsf. 

The  lofly  axis  of  the  Tatra  is  occupied  by  granitic  rocks,  which  on 
their  northern  side  are  flanked,  first  by  talc  schists,  and  next  by 
hard  quartzose  and  altered  sandstones,  concerning  whose  age  I  will 
not  speculate  (see  1  &  2  of  fig.  31).  These  rocks  are  surmounted 
by  great  masses  of  hard  subcrystalline  limestone  (3),  often  in  a  state 
of  marble,  and  with  few  traces  of  regular  bedding.  Near  the  iron 
forges  of  Zagopane,  these  limestones  are  visibly  stratified,  plunging 
to  the  north,  and  they  there  alternate  with  a  schistose  shale  (3*)  in 
which  the  Terebratula  biplicata  occurs  in  abundance.  Again,  in  the 
turreted  ridges  called  Muran  (or  the  Wall)  the  hmestones  also  dip  to 
t  See  Russia  and  the  Ural  MountainSr  vol.  i.  p.  264. 
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the  north,  but  with  many  undulations  and 
fractures,  and  in  them  the  following  fossils 
are  found,  as  identified  bjM.  Zeuschner : — 
AmmoniteaWalcottifA,  Bucklandi,  A.  an- 
nularis. Nautilus  acutus  (V.  Buch),  Be- 
lemnites  digitalis,  Terebratula  biplicata, 
Spirifer  Walcotti,  S,  rostratus,  with  Ap- 
tjchi,  Cidarites,  Pentacrinites,  and  some 
remains  of  ichthyolites.  This  eroup  of 
fossils  leaves  no  doubt,  that  t£e  hme- 
stones  containing  them  belong  to  the 
liasso-jurassic  limestones.  In  the  interval 
between  the  spots  where  these  fossils 
^  are  collected  and  the  outer  edge  of  the 
I  Tatra,  there  are  other  limestones  in  a 

I  more    or   less    crystalline  state,   which, 

j  compressed  by  high  inclination  into  a 

I  small  horizontal  distance,  are  difficult  of 

access  on  account  of  dense  woods  and  their 
ru^ed  outline.  To  these  I  cannot  pretend 
to  assign  a  precise  aee.  On  their  flank, 
and  particidarly  on  the  left  bank  of  the 
Biala  Dujanec,  where  that  stream  issues 
from  the  gorge  of  Zagopane,  they  are  un- 
conformably  and  irregularly  covered  by  a 
band  of  nummuhtic  limestone  (/),  which 
dips  off  at  an  angle  of  35°  to  40°  and 
passes  under  a  portion  of  certain  schists, 
sandstones  and  impure  limestones  (^), 
which  occupy  a  portion  of  the  hilly  tract 
extending  northwards  to  the  valley  of  Neu- 
markt.  This  nummulite  limestone  is  thick- 
bedded,  of  grey  colour,  in  part  a  coarse  cal- 
careous grit,  and  even  a  small  conglomerate 
made  up  of  fira^ents  of  the  underlying 
hmestones,  and  is  much  charged  with  mag- 
nesia. It  contains  nummulites  throughout 
a  thickness  of  upwards  of  1 00feet,but  most 
abundantly  in  the  upper  beds.  Among 
these,  besides  the  Nummulina  globulus, 
Leym.?,  there  is  the  large  species  N. 
planospira  ?,  so  common  in  the  Alps  and 
elsewhere;  and  these  typical  fos«ls  are 
also,  as  in  many  other  regions  cited,  asso- 
ciated with  certain  pectens,  ostrese,  &c,, 
aaoifomn  and  large  echinoderms,  &c.  In  short,  the 
^^^^  fossil  assemblage  of  genera  and  forms  is 
so  precisely  the  same  as  that  seen  in  the 
^1  supracretaceous  nummulitic  rocks  of  the 
3  •        Alps,  that  no  doubt  can  exist  as  to  the  age 
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of  the  deposit.  Though  denuded  at  this  point,  the  nummoUtic  rock 
b  confonnably  followed  to  the  north,  on  the  other  side  of  a  small 
brook,  by  dark  shale  and  grey  and  green  sandstone  (^),  which  aa 
certainly  represent  a  portion  of  the  upper  alpine  flysch.  Thus  far 
all  is  clear.  But  in  traversing  the  undulating  ridges  between  this 
spot  and  Wiehczka  or  Cracow  on  the  north,  a  very  comphcated  and 
broken  series  of  sandstones,  shale  and  limestones  is  passed  orer,  the 
greater  part  of  which  have  hitherto  been  gregariously  mei^ed  under 
the  name  of  Carpathian  sandstone.  Now,  as  secondary  fossils  hxve 
been  found  in  some  of  them  near  Cracow,  it  becomes  absolutely  ne- 
cessaiy  to  endeavour  to  explain  the  apparent  anomaly  and  to  separate 
the  above-mentioned  tertiary  flysch,  which  distinctly  overhes  the 
nummulitic  eocene,  from  other  rocks,  often  closely  resembling  it  in 
mineral  characters,  which  are  as  certainly  of  cretaceous  and  secon- 
dary age. 

Scarcely  has  the  traveller  advanced  a  few  miles  from  the  outer 
edge  of  the  Tatra  to  the  north,  than  he  meets  with  a  low  ridge  of 
limestone,  which  runs  parallel  to  the  main  chain  by  Zafflary  and  Ru- 
gosnik.  On  inspecting  this  timestone  (o  of  fie.  31)  I  had  no  doubt, 
that  its  mural  form  and  altered  condition  were  due  to  an  upcast  along 
a  line  of  eruption.  This  supposition  was,  indeed,  confirmed  by  the 
existence  of  an  outburst  of  porphyry  a  few  miles  to  the  east,  pre- 
cisely on  the  strike  of  the  beds.  From  the  names  of  the  fossils  first 
collected  by  Professor  Zeuschner,  such  as  Ammonites  MurcMsotut, 
A,  Conybeari,  A,  biplex,  A,  Tatricus,  Terebratula  dyphia,  and  others, 
it  appeared  probable  that  this  rock  was  simply  an  upcast  on  a  small 
scale  of  some  upper  portion  of  the  great  adjacent  Jurassic  chain, 
which  had  been  upheaved  through  overlying  schists  and  sandstones. 
More  careful  examination  of  other  fossils  collected  from  this  locality 
by  Zeuschner  has,  as  Count  Keyserling  informs  me,  detected  at  least 
eight  species  of  the  lower  neocomian,  viz.  Ammonites  Calypso,  A. 
MorellianuSy  A.  diphyllus,  A,  picturatus.  A,  subfimbriattts,  A,  fasci- 
cularis,  with  Scaphites  Ivanii,  &c.  In  this  collocation  (even  if  the 
names  in  the  first  list  be  correct)  there  need,  it  appears  to  me,  be  no 
contradiction ;  for  it  is  the  usual  case  in  the  Alps,  that  strata  with 
Oxfordian  fossils  are  at  once  overlaid  by  the  lower  neocomian  lime- 
stone. The  physical  features,  indeed,  favour  this  view ;  for  the  mass 
of  the  lowest  limestone  visible  is  a  highly  altered,  veined  and  reddish 
rock,  in  many  parts  amorphous  and  crystalline,  with  many  stickenside 
surfaces,  and  in  parts  a  breccia,  which  presenting  bluff  escarpments  to 
the  valley  of  Neumarkt,  is  overlaid  to  the  south,  as  represented  in 
the  diagram,  by  dark  shale  and  nodules  of  ironstone,  and  then  by 
thinner-bedded,  scaly,  greyish-white  limestones  (a*),  which  may  well 
represent  the  lower  neocomian,  and  in  which  I  doubt  not  the  last- 
mentioned  species  were  found.  I  persist,  therefore,  in  my  betief  that 
these  hmestones  were  really  upheaved,  along  a  fissure  parallel  to  the 
main  Carpathian  chainf .  It  is  indeed  manifest  (see  fig.  31)  that  the  . 
north  and  south  edges  of  this  troush  of  sandstones  are  entirely  dis- 
similar ;  for  the  strata  constituting  its  north  end  rest  upon  hmestones 
t  See  RussU  in  Europe  and  the  Ural  Mountains,  toI.  i.  p.  264. 
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containing  cretaceous  and  Jurassic  fossils ;  whilst  its  southern  limb 
is  composed  of  nummulitic  rocks  of  eocene  age  resting  on  lias. 

Although  I  had  not  sufficient  time  at  my  disposal  to  determine 
the  detailed  relations  of  all  the  strata  between  the  external  face  of 
the  Tatra  and  the  vaUey  of  Neumarkt,  a  section  with  which  M. 
Zeuschner  favoured  me  sufficiently  explains,  that  the  flysch  Qi) 
which  overlies  the  nununulites,  and  dips  to  the  north,  is  met  by  a 
great  mass  of  Carpathian  sandstone,  &c.,  which  occupying  the  Giuba 
Tavka,  is  inclined  to  the  south  in  the  manner  represented  in  fig.  31. 
Subjected  to  other  fractures,  this  sandstone  (probably  its  lower  mem- 
ber) is  found  a  tittle  lurther  northwards  to  overtie  conformably  the 
calcareous  ridge  (o)  before  spoken  of,  in  the  upper  part  of  which 
neocomian  or  lower  greensand  fossils  occur,  and  whose  lower  division 
is  characterized  by  Oxfordiau  Jurassic  forms.  In  this  way  I  can 
readily  understand  how  the  nummutitic  rock  (/)  and  its  overlying 
member  (^)  should  really  be  eocene,  whilst  the  great  mass  of  Car- 
pathian sandstone  (c)  which  is  separated  from  the  former  by  a 
fault,  may,  as  I  have  always  thought,  represent  parts  of  the  cre- 
taceous system  (upper  greensand,  &c,  ?).  1  can  also  now  well  under- 
stand how  the  equivalents  of  the  lower  greensand  (a,  b)  should  have 
afforded  the  above-mentioned  characteristic  fossils;  tlie  whole  re- 
posing on  an  upcast  outer  ridge  of  Jurassic  timestone.  Having  con- 
vinced myself  that  the  nummutitic  rocks  on  the  north  flank  of  the 
Tatra  are  eocene,  I  cannot  doubt  that  the  masses  thereof  which  tie 
on  the  south  side  of  that  chain  are  of  similar  age.  Thus,  the  sec- 
tions of  M.  Zeuschner  would  lead  me  to  betieve,  that  the  nummutitic 
rocks  and  overlying  sandstones  of  the  vaUey  of  Kradak,  which  he 
considers  to  be  Jurassic,  are  really  the  true  eocene,  which  there  re- 
posing on  lower  Jura  are  truncated  against  the  granite  of  the  higher 
Tatra.  Other  niunmutitic  rocks  are  repeated  to  the  south  of  the 
lesser  Tatra. 

For  aU  these  reasons  I  feel  assured,  that  Professor  Zeuschner  has 
erred  in  placing  this  nummutitic  timestone  in  the  Jurassic  series,  or  at 
the  base  of  the  whole  external  zone  of  the  Carpathian  sandstones  and 
limestones.  For,  whatever  may  be  the  age  of  the  formation  on  which 
this  nummutitic  rock  reposes,  its  zoological  characters  are  unmistake- 
able ;  whilst  both  on  the  north  and  south  sides  of  the  Tatra,  it  is 
immediately  covered  by  strata  which  represent  the  flysch. 

In  the  Carpathians,  as  in  the  Alps  and  Italy,  great  confusion  has 
arisen  from  deciding  on  the  age  of  sandstones  bv  their  mere  mineral 
characters  ;  for,  although  it  is  manifest  that  rocks  of  this  aspect  and 
containing  fucoids  cleany  overtie  the  nummulitic  limestone,  there  are 
other  cases,  tike  those  of  Gosau  and  other  parts  of  the  Eastern  Alps, 
where  the  lithological  characters  of  the  eocene  greensand  descend  far 
into  the  cretaceous  system.  The  highly  contorted,  broken  and  dis- 
located region  between  Neumarkt  and  Rugosuik  on  the  south  and 
Cracow  on  the  north,  over  which  I  passed,  affords  a  good  illustra- 
tion of  this  point,  and  also  of  the^  extreme  difficulty,  in  the  absence 
of  fossils,  of  being  able  to  draw  any  neat  line  of  demarcation  between 
some  of  these  sandstones  and  schists.  I  have  repeatedly  noted,  that 
the  presence  of  fucoids  can  never  be  accepted  as  any  test  of  the  age  yC 
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of  rocks  ;  inasmuch  as  these  fossils  have  a  vertical  range  from  the 
secondary  greensand  upwards  to  heds  thousands  of  feet  ahore  the 
equivalent  of  the  white  chalk.  In  the  Carpathians,  the  same  or 
nearly  the  same  hthological  character  prevails  from  the  strata  repre- 
senting the  lower  neocomian  up  into  beds  above  the  uummulitic 
limestone ;  and  if  the  normid  relations  of  this  region  were  not  ex- 
cessively distorted,  we  should,  I  have  no  doubt,  see  that  the  younger 
seconduT  and  older  tertiary  there  often  pass  into  each  other,  pre- 
serving the  same  mineral  types. 

Thus,  if  the  section  (fig.  31)  from  the  flanks  of  the  Tatra  be  con- 
tinued from  the  environs  of  Zafflary  and  the  vallev  of  Neumarkt  to 
the  valley  of  the  Vistula,  we  may  interpret  the  sandstones,  ccmglome- 
rates  and  schists  of  that  tract  to  be  both  of  secondary  and  tertiary 
age ;  for,  notwithstanding  many  dislocations  and  contortions,  it  ap- 
peared to  me,  that  on  the  whole  the  grey  sandstones  of  the  hills  north 
of  the  Biala  Dunajec  dip  away  from  the  axis  of  Zafflary  and  Ru^osnik, 
in  which  Jurassic  and  lower  neocomian  fossils  occur.  In  this  way 
the  hills  near  Svienty  Cruz,  about  2000  feet  above  the  sea,  which 
contain  fragments  of  coaly  matter  and  thin  seams  of  lignite,  may 
possibly  be  paralleled  with  the  strata,  which  at  the  outer  zone  of  aU 
the  series  of  similar  aspect,  extending  from  liebertoft  to  the  hills 
south  of  Wieliczka,  contain  what  are  called  upper  neocomian,  or 
lower  greensand  fossils.  However  this  may  be,  one  of  the  under- 
lying masses  dips  to  the  north,  and  the  other  or  outer  zone  to  the 
south.  The  result  is,  that  the  greater  portion  of  the  intervening 
strata  lie  in  a  rudely  undulating  and  broken  trough ;  and  thus  I  am 
disposed  to  think,  until  contradictory  fossil  proo»  be  obtained,  that 
a  portion  of  the  series  north  of  Svienty  Sebastian,  consisting  of  thick- 
bedded  macigno  sandstone  of  grey  and  erass-green  colours  with  white 
veins,  (which  at  Struya  and  in  the  hm  of  Kotan  near  Luboin  are 
surmounted  by  dark  shale  and  schist,)  and  also  the  strata  extending 
to  the  valley  of  the  Rabba,  may  stand  in  the  place  of  the  supracre- 
taceous  macigno  alpin  or  upper  fiysch  of  the  Alps. 

But  wherever  the  white  chalk  or  its  representative  and  the  num^ 
mulitic  Hmestone  are  absent  on  the  flanks  of  the  Carpathians,  and 
fossils  cannot  be  detected,  the  geologbt  must  be  at  fault.  Fortu- 
nately, however,  the  palseontological  researches  of  Prof.  Zeuschner 
have  proved,  that  many  of  these  green  sandstones,  schists  and  con- 
glomerates are  of  true  cretaceous  age.  Thus,  in  the  ravines  near 
Liebertofl,  two  Polish  miles  south  of  Cracow,  M.  Zeuschner  led  me 
into  gorges  where  grey,  flaglike  calcareous  grits,  occasionally  passing 
almost  into  conglomerates  with  black  fragments  (Uthologically,  in- 
deed, undistinguishable  from  supracretaceous  rocks),  contain  ammo- 
nites, belemnites,  and  a  species  of  Aptychus.  In  these  strata,  as 
they  range  thence  towards  Wieliczka,  M.  Zeuschner  has  since  detected 
BelemniteB  bipartitua  (Blainv.),  B,  pistilliformU  (Bl.),  B,  dilatatus 
(Bl.),  which  present  on  the  whole  adequate  proof  that  these  sandy 
beds  represent  the  neocomian.  In  short,  they  resemble  to  some  ex- 
tent the  English  type  of  lower  greensand.  In  the  county  of  Trent- 
schin,  between  Orlova  and  Podkrad,  the  so-called  Carpathian  sand- 
stone, on  the  other  hand,  is  probably  the  upper  greensand ;  for,  along 


Digitized  by  VjOOQIC 


1848.]         MURCHISON  ON  THE  STRUCTURE  OF  THE  ALPS.  263 

the  space  of  half  a  Gennan  mile,  it  there  contains  Gryphtea  columda, 
Cardium  Hillanum,  and  in  other  places  (Zips,  Zglo,  Werdzer)  Pho- 
ladomya  Emnarckii ;  whilst  plants  referred  by  Goppert  to  the  upper 
greensand,  including  Salicites  crassifolius,  occur  at  Kluknawa  and 
Petzoldtii. 

It  is  thus  manifest,  that  in  the  generic  word  Carpathian  sandstone, 
as  in  the  words  **  Wiener  sandstein,"  "  fljsch  "  and  "  macigno,"  de- 
posits of  lower  greensand,  upper  greensand,  and  of  supracretaceous 
or  eocene  greensand  have  Wn  confounded.  The  value,  therefore, 
of  the  section  between  Zagopane  and  Zafflary  (fig.  31)  is  apparent, 
because  the  order  of  superposition  there  clearly  establishes  a  parallel 
between  the  schists  and  sandstone  overlying  the  nummulite  rocks 
and  the  great  mass  of  strata  of  that  age  in  the  Alps.  On  the  other 
hand,  the  fossil  researches  of  M.  Zeuschner  afford  clear  evidence,  that 
other  and  large  portions  of  this  sandy  argillaceous  series  are  equiva- 
lents of  members  of  the  cretaceous  system*.  This  is  precisely  what 
I  have  indicated,  where  the  mineral  representatives  of  the  white 
chalk  of  Switzerland  and  Bavaria  approach  the  Eastern  Alps,  and 
where  the  whole  series  between  the  neocomian  limestone  and  the 
molasse  or  nagelflue  assumes  its  arenaceous  or  northern  type. 

Part  III. 

On  the  chief  Formations  of  the  Apennines  and  Italy. 

Although  less  complicated  than  the  Alps,  and  not  containing  a 
vestige  of  the  older  formations  which  have  been  detected  in  parts  of 
that  chain,  the  Apennines  and  their  flanks  offer  many  difficult  pro- 
blems, which  even  at  this  day  remain  in  some  degree  obscure.  The 
labours  of  native  geologists  in  the  last  few  years  have,  it  is  true,  done 
much  to  clear  away  these  doubts,  the  proofs  of  which  will  be  found 
in  the  proceedings  of  the  last  three  meetings  of  the  men  of  science  of 
Italy  t*  After  personal  inspection  of  some  of  the  tracts  in  which  the 
leading  questions  have  been  agitated,  I  will  now  endeavour  to  point 
out  the  extent  to  which  the  structure  of  the  peninsula  agrees  with 
that  of  the  Alps.  In  the  first  place,  then,  the  whole  of  the  palaeozoic 
series  is  wantmg  in  the  continent  of  Italy,  nor  are  there  sufficient 
grounds  for  supposing  that  the  trias  has  any  existence  in  it.  For 
although  the  Marquess  Pareto,  one  of  the  leaders  of  our  science  in 
Italy,  nas  suggested,  that  the  conglomerate  called  Yerrucano  (the 

*  Count  Keyserling,  to  whom  I  am  indebted  for  a  clear  and  concise  view  of  the 
last  researches  of  Prof.  Zeoschner,  reminds  me,  that  the  curious  body  called  a 
Sphserosiderites,  and  described  by  Professor  Glocker  of  Breslau  (Acta  Acad.  Caes. 
Leop.  CaroL  Nat.  Curios,  tom.  xix.  part  2.  p.  673  and  tab.  79),  which  M.  von 
Buch  first  proclaimed  to  be  a  Nautilus,  has  under  the  examination  of  M.  von 
Hauer,  jun.,  proved  to  be  the  Nautihu  pUcatua  (Fitton)  of  the  lower  nreensand, 
or  N,  requiemanut  (D'Orb.).  This  fossil  occurs  in  Moravia  near  FranksUtt  and 
Tickan,  in  what  is  called  by  M.  von  Hauer  **  Wiener  eandttem !  "  For  a  full  account 
of  the  secondary  fossils  of  the  Carpathians,  see  Zeuschner's  memoir  on  the  struc- 
ture of  theTatra  Verb.  R.K.  Miner.  Gesr.  St.  Petersburgh,  1847,  which  I  only  re- 
ceived when  this  sheet  was  in  print.  So  far  as  I  have  had  time  to  study  it,  this 
memoir  would  rather  confirm  my  opinions. — June  25. 

t  See  the  volumes  of  the  "  Riunione  de gli  Scienziati  Italiani "  of  the  Milan,  Genoa 
and  Venice  meetings. 
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lowest  known  sedimentary  stratum)  may  be  the  equivalent  of  the 
trias,  that  opinion  cannot  be  adopted  without  some  fossil  evidences. 
Whilst  the  mainland  is  void  of  palaeozoic  rocks,  they  exist  however 
in  Sardinia,  where  they  were  discovered  by  General  deUa  Marmora. 
These  rocks  prove  by  their  fossils  to  be  true  Silurian  limestones  and 
schists"'.  In  Sardima,  deposits  with  species  of  palaeozoic  coal  plants 
also  occur,  but  unluckily  tne  political  troubles  of  Italy  prevented  my 
examination  of  these  rocks.  Creneral  della  Marmora  has,  however, 
left  no  spot  of  the  island  unsurveyed,  and  having  made  a  beautiful 
topographical  map  of  it,  he  will  soon  complete  his  important  work, 
and  inform  us  whether  the  coal  deposits  of  that  island,  like  those  of 
Oporto  described  by  Mr.  Sharpe,  are  associated  with  the  Silurian  rocks, 
or  are  of  subsequent  age.  The  existence  of  Lower  Silurian  rocks  in 
Portugal,  as  recently  made  known  to  us  by  Mr.  Sharpef — the  preva- 
lence of  Devonian  n)ssils  in  the  north  of  Spain,  and  the  presence  of 
both  Silurian  and  Devonian  strata  in  Morocco^,  where  they  were 
first  recognised  by  M.  Coquand — their  persistence  along  the  African 
Atlas  and  their  reappearance  near  Constantinople,  are  <hita  sufficient 
to  enable  us  to  picture  to  ourselves  a  vast  girdle  of  palaeozoic  rocks 
of  which  the  Alps  and  the  Pvrenees  formed  the  northern  and  the 
north-western  Umits,  and  which,  having  been  elevated  from  beneath 
the  sea  at  a  very  ancient  period,  have  constituted  the  shores  of  a  large 
Mediterranean  in  which  the  secondary  and  tertiary  rocks  of  Italy 
have  since  been  accumulated.  In  this  sense,  Sardinia  may  perhaps 
be  only  viewed  as  a  detached  island  in  this  ancient  basin. 

Excluding  from  our  present  consideration  the  eruptive  rocks,  whe- 
ther plutonic  or  volcanic,  which  have  perforated  the  subsoil  of  Italy 
in  so  many  places,  and  not  now  alluding  to  certain  ancient  crystalline 
rocks  of  Cidabria  and  Sicily,  it  may  be  said  that  the  chief  mineral 
masses  of  the  peninsula  in  ascending  order  are — 1st,  Umestones  and 
schists ;  2ndly,  hard  sandstones  and  impure  Umestones  often  compact ; 
and  drdly,  marls,  sands  and  conglomerates.  The  lowest  of  these 
great  lithological  groups  embraces  in  some  regions  both  the  Jurassic 
and  cretaceous  systems ;  the  second  or  arenaceous  group  represents 
in  given  countries  both  the  upper  cretaceous  and  that  which  I  have 
shown  to  be  the  eocene  of  the  Alps ;  whilst  the  third  contains  the 
miocene,  pUocene,  and  other  overlying  strata.     To  this  general  htho- 

*  General  della  Marmora  kindly  sent  to  me  a  collection  of  those  fossils,  inda- 
ding  orthoceratites  and  graptolites.  These  were  examined  and  partially  named 
by  M.  de  Verneuil,  to  whom  I  transmitted  them ;  but  having  lost  that  memoran- 
dum, which  was  forwarded  to  me  in  Italy,  I  subsequently  referred  these  fossils  to 
Mr.  Sharpe,  who  is  satisfied  that  they  belong  to  the  Lower  Silurian  gronp.  In 
addition  to  orthoceratites,  graptolites,  crinoids,  &c,  Mr.  Sharpe  recognises  eight 
or  nine  species  of  Orthis,  among  the  best-preserved  of  which  are  the  Ort Ait  patera 
(Salter,  MSS.)»  common  near  Bala,  and  O.  LusUanica  (Sharped  of  the  Lower  Si- 
lurian  rocks  of  Vallongo  near  Oporto,  closely  related  to  the  0,/labeUuhsm,  Sow. 
Sil.  Syst.  The  Spir\fer  terebratuU/hrmu  (M'Coy)  also  occurs, — a  species  of  the 
Lower  Silurian  rocks  of  Cumberland  and  Ireland. 

t  See  Joum.  Geol.  Soc.  Lond.  vol.  v.  p.  142,  and  pL  6.  fig.  5  (Russia  in  Europe 
and  Ural  Mountains,  Map  of). 

t  For  the  Devonian  rocks  of  the  Asturias  see  Paillette's  memoir.  Bull.  Soc.  G^L 
de  France,  vol.  ii.  p.  439,  and  for  the  palseozoic  rocks  of  Morocco  see  id.  vol.  iv. 
p.  1188. 
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Ic^cal  arrangement  there  are,  however,  local  exceptions  of  consider- 
able extent.  In  many  tracts,  also,  the  absence  or  extreme  rarity  of 
fossils,  and  the  rapid  undulations  and  frequent  breaks  in  the  strata, 
render  it  very  difficult  closely  to  identify  each  rock-formation  with 
its  equivalent  in  other  parts  of  Europe.  This  last  remark  applies 
chiefly  to  the  rocks  of  Jurassic  and  cretaceous  age ;  for  the  great 
masses  of  the  hard  sandstone  or  macigno,  particularly  where  it  is 
associated  with  nummulites,  are  unquestionably  supracretaceous  or 
eocene ;  whilst  each  of  the  younger  deposits  which  overlie  them  is 
easily  referable,  both  by  order  of  superposition  and  abundant  organic 
remains,  to  its  respective  place  in  the  tertiary  series. 

In  his  recently  published  general  geological  map  of  Italy  and  its  ad- 
jacent isles,  M.  Collegno  having  inserted  the  Silurian  rocks  of  Sardinia 
as  the  lowest  known  sedimentary  deposit,  attempts  two  divisions 
only  of  all  the  rock  masses  of  the  peninsula  beneath  the  miocene.  * 
The  lowest  of  these,  from  the  verrucano  conglomerate  upwards  to 
the  Oxfordian  Jura,  is  coloured  as  Jurassic  ;  whilst  all  the  overlying 
strata,  whether  they  represent  the  neocomian,  upper  greensand  and 
chalk,  together  with  the  nummuUtic  limestones  and  macigno,  are 
dassed  together  as  cretaceous.  It  will  be  readily  understood,  from  what 
has  been  said  of  the  Alps,  that  I  must  object  to  the  arbitrary  union 
of  the  two  last-mentioned  masses  with  the  cretaceous  rocks ;  and 
hence  one  of  my  chief  objects  will  be  to  show,  that  in  Italy,  as  in  the 
Alps,  the  nummulitic  and  upper  macigno  group  is  also  of  eocene  age. 
I  shall  further  indicate  the  existence  of  a  natural  succession  from  the 
top  of  the  eocene  or  bottom  of  the  miocene  up  into  the  pliocene, 
wherein  the  fossils  exhibit  a  zoological  transition  into  the  latter  period. 
But  before  I  enter  on  these  prominent  points  of  this  part  of  the  me- 
moir, I  will  first  say  a  few  words  on  the  Jurassic  rocks,  which  are  the 
oldest  in  which  organic  remains  have  been  discovered  in  the  penin- 
sula, and  then  give  a  brief  sketch  of  the  true  cretaceous  rocks  which 
succeed  to  them. 

The  best  key  to  an  acquaintance  with  the  lowest  strata  containing 
organic  remains,  with  which  I  am  acquainted,  is  that  which  is  ex- 
hibited in  the  promontories  of  the  gulf  of  La  Spezia  and  the  ad- 
jacent parallel  ridges  of  the  Apuan  Alps.  This  tract  has  long  been 
known  to  English  and  French  geologists  by  the  able  description  of 
Sir  Henry  De  la  Beche,  published  many  years  ago,  and  to  Italians 
by  a  memoir  of  M.  Guidoni  *.  Even  at  the  time  when  he  wrote.  Sir 
U.  De  la  Beche  suggested,  that  the  fossils  found  on  the  west  side  of 
the  bay  were  probably  of  ooUtic  or  Jurassic  age,  though  from  their 
peculiar  characters  and  the  supposed  presence  among  them  of  ortho- 
ceratites  and  goniatites  (the  latter  being  then  called  ammonites  of  the 
coal-fields),  he  very  properly  left  the  question  somewhat  open.  But 
since  then,  additional  collections  and  a  rigid  examination  of  the  or- 
ganic remains  have  settled  the  question.  The  supposed  small  ortho- 
ceratites  are  found  to  be  simply  the  alveoli  of  belemnites,  and  the 
ammonites,  though  not  occurring  in  England,  belong  to  forms  known 
in  the  Jurassic  series  of  Southern  Europe.  Grouping  the  observa- 
tions of  his  contemporaries,  and  adding  fresh  data  of  his  own,  the 
•  Sec  Irani.  G^l.  Soc.  Fr.  1«"  s6r,  vol.  i.  p.  23,  and  Giornale  Ligustico,  1828. 
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late  Professor  Pilla*  has  recently  given  a  section  across  the  gulf  of 
La  Spezia,  with  the  main  points  of  which  I  entirely  agree,  particularly 
in  proving,  that  the  ammonitiferous  band  is  not  the  oldest  limestone 
of  the  tract,  as  was  formerly  supposed,  but,  on  the  contrary,  b  the 
youngest  of  its  Jura  deposits.    In  any  attempt  to  classify  the  Jurassic 
rocks  of  Italy,  it  must  be  admitted,  that  they  differ  so  much  from  the 
types  of  Northern  Europe,  whether  in  the  composition  of  the  rocks  or 
in  the  paucity  and  peculiarity  of  their  fossils,  that  English  geologists 
will  aeree  with  me  in  thinkmg,  that  it  is  even  more  unwise  than  in 
the  Aips  to  endeavour  to  force  their  divisions  into  too  close  an  accord- 
ance with  our  well-known  and  clearly-characterized  British  formations. 
The  true  doctrine  on  this  point  has,  indeed,  been  clearly  laid  down  by 
Von  Buch  in  a  masterly  generalization,  in  which,  dwelling  on  certain 
marked  fossils  only,  which  pervade  the  Alps,  Carpathians  and  Italy, 
he  has  signalized  the  existence  of  two  great  bands,  the  lower  of  which 
may  be  termed  Jura-liassic ;  the  other  and  overlying  mass,  the  equiva- 
lent of  the  Oxford  oolite  and  clay.     I  have  already  indicated  in  a 
general  manner  how  this  classification  is  applicable  to  the  Alps,  and  I 
have  now  only  to  add,  that  though  it  has  been  as  yet  much  less  clearly 
developed  in  Italy,  there  are  sufficient  evidences  of  its  value  among 
the  undulations  of  the  Apennines  and  their  flanking  parallel  ridges. 
Jurassic/ormations  in  thegulfofLa  Spezia,  in  the  adjoining  moun- 
tain9  of  the  Apuan  Alps,  and  in  the  Monti  Pisani,  ^c, — ^The  pro- 
montories which  flank  the  long  and  deep  bay  of  La  Spezia  on  the 
E.  and  W.  are  composed  of  limestones,  which,  trending  from  N.N.W. 
to  S.S.E.,  are  parallel  to  the  loflier  ridges  of  the  same  age,  which 
further  in  the  interior  and  to  the  south  constitute  the  serrated  chain 
of  Carrara,  Massa  and  Serravezza,  and  are,  after  a  short  interval,  re- 
produced in  the  Pisan  hilb.     Afler  looking  at  the  latter  I  walked 
over  the  Apuan  Alps,  passing  from  Galticano  in  the  valley  of  the 
Serchio  on  the  east,  by  the  peaks  of  Le  Fannie  and  the  pass  of  Pe- 
trosciano  to  Stazzemma  and  Serravezza ;  and  then  flanking  the  western 
zone  of  these  Alps  by  Massa  and  Carrara  to  Sarzana,  I  traversed  to 
La  Spezia.     If  I  had  seen  the  calcareous  masses  in  the  Apuan  Alps 
only  as  they  there  appear  in  the  form  of  dolomites,  rauch-kalk,  and 
many  varieties  of  ornamental  and  statuary  marble,  I  should  have  been 
wholly  unprepared  to  admit  that  they  could  be  the  equivalents  of  the 
liassic  and  Jurassic  series.     But  I  satisfied  myself  that  all  these  cry- 
stalline rocKS,  even  where  they  rise  into  the  lofty  peaks  of  Altissimo, 
are  simply  altered  masses,  which  in  their  prolongation  to  the  Pisan 
hills  contain  fossils.     Among  the  lowest  strata  are  crystalline  schists 
and  pebbly  conglomerate  or  verrucano.     The  geologioed  equivalent  of 
this  conglomerate  has  been  much  discussed;  some  geologists,  like 
M.  Pilla,  desiring  to  prove  it  to  be  palaeozoic ;  others,  Uke  rareto  at 
before  said,  beheving  it  to  represent  the  trias ;  and  others,  including 
CoUegno,  viewing  it  simply  as  the  base  of  the  lias.    In  the  mean- 

*  Unhappily  cut  off  in  the  flower  of  his  age  at  Mantua,  in  the  late  war  in  the 
north  of  Italy.  I  had  not  the  advantage  of  being  acquainted  with  the  memoir 
of  Professor  Pilla  when  1  examined  La  Spezia,  but  1  was  aware  of  his  views  in 
general,  as  also  of  those  of  M.  CoUegno,  who  communicated  a  description  of  the 
tract  to  the  meeting  of  the  Italian  men  of  science  at  Venice,  in  which  he  specially 
adverted  to  a  great  longitudinal  fault. 
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time,  no  trace  of  organisms  having  been  detected  in  the  yerrucano, 
it  is  enough  to  repeat,  that  it  underlies  the  fo^ailiferous  Uasso- 
jarassic  hmestones.  The  lowest  masses  in  the  deep  gorges  near 
Stazzemma  are  the  well-known  mottled  "Bardiglio"  and  other 
marbles.  These  are  overlaid  by  schists  with  quartz  veins,  which 
have  been  converted  into  dark  slates  having  a  true  cleavage,  and  are 
largely  worked  for  use.  The  latter  are  covered  by  massive  buttresses 
of  cavernous  "rauch-kalk,"  in  parts  graduating  into  a  black  and 
dark  dolomite  forming  picturesque  peaks.  On  the  eastern  side  of 
the  ranee  this  massive  buttress  is  irregularly  overlapped  by  lighter- 
coloured  limestones  with  flints,  possibly  the  representative  of  the 
neocomian  hmestones,  which  in  their  turn  throw  off  raacigno  and 
other  overlying  rocks.  In  ascertauiing  that  the  crystalline  marbles 
of  Carrara  are  really  altered  Jurassic  rocks.  Professor  Pillahas  shown, 
Uiat  the  dark-coloured  fossuiferous  limestone  of  the  valley  of  the 
Tecchia,  which  contains  the  same  fossils  as  the  marble  of  Porto  Venere, 
can  be  followed  until  it  graduates  by  a  change  of  colour  and  crystal- 
lization into  the  pure  white  marble  of  Carrara*.  Professor  Savi  ad- 
mits that  the  mmeral  masses  exhibit  the  same  general  succession 
in  the  Pietre  Santine  and  Apuan  Alps  as  in  the  Pisan  hills  f.  Now 
the  latter,  which  I  examineid,  are  unquestionably  for  the  most  part 
of  Jurassic,  or  of  what  some  geologists  may  call  Jura-liassic  age,  as 
proved  by  fossils. 

In  the  parallel  of  Carrara  and  to  the  north  of  that  place,  the  white 
marble  rocks,  forming  regular  strata,  rise  up  with  associated  schists 
into  the  lofty  peaks  of  Aftissimo,  &c.,  and  dipping  to  the  W.  and 
N.N.W.  form  the  eastern  boundary  of  a  great  trough  watered  by 
the  Magra,  the  centre  of  which,  occupied  by  tertiary  and  alluvial 
accumulations  (Caniparolo  and  Sarzana),  is  flanked  on  either  side  by 
low  hills  of  macigno,  the  strata  of  which  repose,  on  the  east,  upon  the 
limestones  of  the  Apuan  Alps,  and  on  the  west,  upon  the  calcareous 
promontory  that  forms  the  eastern  side  of  the  gulf  of  La  Spezia. 

When  this  promontory  is  surveyed  in  the  coast  chffs  between  the 
headland  of  Ponte  Corvo  near  the  mouth  of  the  Magra  and  the 
town  of  La  Spezia,  it  is  seen  to  be  made  up,  on  a  miniature  scale,  of 
nearly  all  the  varieties  of  Hmestone,  schist,  breccia,  rauch-kalk  and 
marble,  which  constitute  the  lofty  parallel  chain  of  the  Apuan  Alps. 
I  made  a  detailed  examination  of  all  the  strata  from  the  south  oC 
Capo  Corvo,  by  Porto  Telaro  to  the  old  fort  of  St.  Bartolommeo, 
and  found  that  there  was  there  the  same  ascending  order  as  in  the 
Apuan  Alps,  and  I  was  therefore  convinced  that  it  was  simply  a  less 
elevated  parallel  fold  of  similar  rock-masses  (fig.  32).  The  lower 
strata  are  grey,  calcareous  schists,  courses  of  scaly  Hmestone,  in  parts 
highly  altereo,  overlapped  by  a  strong  band  of  white,  thick-beaded, 
impure,  statuary  marble,  with  a  schistose  lamination.  This  passes 
up  into  a  concretionary,  mottled,  purple  and  white  hmestone,  large 
calcareous  geodes  being  arranged  in  tne  laminee  of  deposit  in  a  base 
of  glossy  purple  and  green  schist.      This  calcareous  group  (I)  is 

*  Bull.  Soc.  G^L  de  France,  1847,  vol.  iv.  p.  1069. 

t  Considerazioni  sulla  struttora  geologica  delle  Montague  Pietre  Santine,  dal 
Prof.  Cav.  Paolo  Savi :  Pisa,  1847. 
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surmounted  by  a  quartzo-schistose  mass  (2),  which 
presents  the  aspect  of  having  undergone  a  metamor- 
phosis which  has  affected  the  hard  purple  schists,  the 
conglomerate  or  pebbly  beds,  and  the  green  schists 
above  them,  the  latter  being  traversed  in  many  di- 
rections by  white  veins  of  carbonate  of  lime.  This 
mass  (2),  not  less  than  300  feet  thick,  is  amorphous, 
and  in  colour  partially  resembles  serpentine*.  After 
passing  a  portion  of  the  cliflf  which  is  obscured  by 
detritus,  a  dark  or  almost  black  limestone  with  white 
veins  appears,  undulating  irregularly,  and  plunging 
on  the  whole  to  the  west  and  by  north.  This  rock 
^  is  covered  by  dark  schists,  the  whole  probably  re- 
^  presenting  the  dark  limestone  and  schists  of  Porto 
§•  Venere  on  the  opposite  side  of  the  bay.  These  thin- 
^  bedded  dark  masses  are  followed  by  the  remarkable 
rocks  which  constitute  the  sea-worn,  amorphous  and 
cavernous  rauch-kalk  on  which  the  picturesque  old 
town  of  Porto  Telaro  is  built.  From  this  point, 
passing  to  the  fort  of  St.  Bartolommeo,  there  are 
undulations  and  breaks  in  lower  and  obscurer  cliffs, 
in  which  the  thin-bedded  siUceous  schists  (slates  of 
Stazzemma)  appear  here  and  there  beneath  the  rauch- 
kalk.  All  the  calcareous  rocks  of  this  series  are 
flanked  by  a  vertically  twisted  and  confused,  coarse 
c^i  conglomerate,  made  up  of  lumps  of  all  the  above- 

^  mentioned  rocks. 

.^  I  have  spoken  of  this  highly  modified  range  on  the 

^  east  side  of  the  gulf  to  show  its  Uthological  accordance 

with  the  chief  masses  in  the  Apuan  Alps,  and  because 
it  exhibits  the  same  order  of  succession  of  mineral 
masses.  It  is  however  only  on  the  western  shores  of 
the  bay,  in  another  parallel  undulation  of  these  lime- 
2  stones,  further  removed  from  the  chief  axes  of  dis- 
s  turbance,  that  their  age  can  be  read  off  by  help  of 
-  some  imbedded  fossils.  The  black  hmestones,  with 
white  and  yellow  veins  and  associated  dark  schists 
(No.  3),  but  not  so  metamorphosed  as  on  the  east 
side  of  the  bay,  form  the  chief  nucleus  of  this  western 
promontory.  Ranging  in  highly  inclined  and  vertical 
forms,  by  the  lofly,  unfinished  fort  of  Castellana, 
they  strike  from  N.N.W.  to  S.S.E.,  into  the  isle 
of  Palmaria,  where  they  are  largely  quarried  as  the 
black  and  brown  marble  of  Porto  Venere.  Among 
the  fossils  in  this  rock  I  procured  a  Lima,  which  re- 
sembles a  lower  secondary  fossil,  and  certain  imperfect 

*  I  could  not  help  suspecting  the  contiguity  of  some  emp- 
tive  rock  to  this  peculiar  limestone,  and  my  boatman  assured 
me  that  when  the  sea  was  lower  one  of  my  predecessors  had 
discovered  a  point  of  porphyry. 
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coralline  bodies,  which  occasionally  weather  out  on  the  surface. 
M.  Pilla  compares  this  rock  with  the  lower  ammonitic  or  liasso- 
Jurassic  limestones  of  Como,  and  he  cites  the  fossils  as  pertaining  to 
the  genera  Cardita^  Modiola,  Pecten,  Terebraiula,  but  does  not 
njune  the  species. 

A  transverse  section  of  the  western  promontory,  from  the  gulf 
south  of  La  Spezia  by  the  hills  of  Corregna  to  Campiglia,  exhibits  a 
great  line  of  fracture*,  irregularly  parallel  to  the  ridge,  fdong  which 
the  highly  twisted  beds  of  dark-coloured  limestones  and  schists  (4) 
have  been  snapped  asunder,  and  by  which  a  portion  of  the  Porto  Ve- 
nere  series  is  mrown  into  an  inverted  position,  and  seems  irregularly 
to  overlap  a  series  of  strata  which  are  unquestionably  of  younger  age. 
These  are,  first,  grey  limestones  and  dolomites,  dippmg  to  the  N.  and 
S.  of  £.  at  45%  followed  by  schists,  shale,  and  very  thin-bedded,  finely 
laminated  red  and  grey  limestone,  the  angle  of  incHnation  in  which 
increases  gradually  to  70^  E.N.£.  and  £.  It  is  in  this  group,  par- 
ticularly in  certain  red  and  grey  limestones,  that  most  of  the  ammo- 
nites and  other  peculiar  fossils  of  La  Spezia  occur,  which  have  been 
enumerated  by  Sir  H.  De  la  Beche. 

The  above  fossil  zone  is  underlaid  by  rotten  schists  with  sandy 
rotten  limestone,  and  then  by  numerous  alternations  of  green  and  grey 
limestone,  whitish  calcareous  grits,  purple  and  white  and  red  schists, 
in  parts  almost  jaspideous,  with  courses  of  whitish  Umestone,  the 
whole  (5)  in  very  thin-bedded  strata,  in  which  unluckily  no  fossils 
have  been  discovered.  This  calcareous  series  is  flanked  by  a  wall  of 
sandy  and  pebbly  conglomerate,  on  which  stands  the  lofly  village  of 
Oampiglia;  and  the  beds,  after  first  positively  underlying  all  the 
older  series  at  an  angle  of  80%  first  become  vertical,  and  then  dipping 
away  to  the  west  form  the  base  of  all  the  hills  of  fine  maeigno  sand- 
stone. This  conglomerate  and  the  associated  maeigno  are  thus  seen 
to  partake  intimately  of  the  same  great  elevations  and  flexures  which 
have  affected  the  older  limestones  in  the  Apuan  Alps  and  in  the  gulf 
of  La  Spezia. 

It  is  now  well  known  that  the  maeigno  of  this  tract,  which,  both 
from  mineral  character  and  order  of  superposition,  was  formerly  taken 
by  geologists  for  the  most  ancient,  is  in  fact  the  youngest  of  this  series ; 
but  whether  it  represents  a  portion  of  the  cretaceous  system,  or  is 
younger,  is,  in  the  absence  of  all  fossils,  still  doubtful.  That  this 
maeigno  is  in  an  inverted  position  is  also  noticed  by  Pillaf.  In  enu- 
merating the  list  of  fossils  of  the  upper  Jurassic  at  Corregna,  that 
author  mentions  Ammonites  Tatricus  and  Nerinaa  (the  former  I 
found  myself),  and  I  have  therefore  no  doubt  that  thiis  band  repre- 
sents the  '^ammonitico  rosso''  or  Oxfordian  of  the  Alps,  and  that 
the  masses  intercalated  between  it  and  the  maeigno  are  probably  im- 
perfect and  non-fossiliferous  equivalents  of  some  member  of  the  cre- 
taceous rocks. 

*  M.  Collegno  tent  a  memoir  on  La  Spezia  to  be  read  at  the  meeting  of  the 
Scienziati  Itaiiani  of  Venice,  1847»  in  which  he  indicated  a  great  line  of  fault  par- 
allel to  the  strike.    He  afterwards  explained  his  view  of  the  phaenomenon  to  me. 

t  Boll,  de  la  Soc  G^L  de  Prance,  vol.  iv.  p.  1069,  section  pi  6.  fig.  2. 
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I  will  only  add,  that  I  believe  the  deep  bay  of  La  Spezia  has  been 
excavated  in  a  synclinal  trongh  of  macigno,  whilst  the  hard  inferior 
limestones  and  marbles  have  resisted,  and  form  broken  antielinals  on 
either  side  of  the  bay.  On  the  east  we  see,  in  fact,  another  and  broader 
parallel  synclinal  trough,  the  valley  of  the  Magra,  which  has  been 
excavated  in  similar  macigno,  covered  by  some  remnants  of  overlying 
tertiary.  Again,  when  we  traverse  the  great  anticlinal  of  the  Apnan 
Alps,  and  descend  into  the  valley  of  the  Serchio,  we  meet  with  a  third 
and  similar  trough,  on  the  eastern  side  of  which  the  lower  portion  of 
the  macigno  rises  up  into  mountainous  elevations,  of  which  hereafter. 

I  have  commenced  with  this  superficial  sketch  of  the  general  ar- 
rangement of  the  rocks  in  this  northern  tract  of  Italy,  not  merely 
because  the  oldest  known  Umestones  in  the  chain  of  the  Apennines 
are  brought  out  in  parallel  anticUnals,  but  because  the  outline  of 
tidge  and  furrow^  here  so  clearly  developed,  is  a  key  to  the  general 
structure  of  the  Apennines.  In  truth,  the  Italian  peninsula  is  not 
characterized  by  one  central  backbone  or  central  axis,  but  is  made  up 
of  a  frequent  repetition  of  axes,  the  rocks  composing  which  are  some- 
times much  altered,  often  dismembered,  and  frequently  covered  over 
by  younger  sediments ;  the  older  portions  of  the  series  being  onlyseen 
at  intervals  as  we  follow  the  chain  from  N.N.W.  to  S.S.E.  Thus, 
Jurassic  rocks  have  not  been  detected  in  the  broad  and  mountainous 
undulations  which  extend  over  the  principaUties  of  Lucca  and  Parma, 
or  the  country  of  Genoa,  a  region  almost  entirely  occupied  by  lime- 
stones and  macigno  sandstone,  whose  age  I  shall  presently  endeavour 
to  explain. 

In  the  northern  portion  of  the  Tuscan  Maremma,  I  examined^  in 
company  with  M.  rilla  and  M.  Coquand,  the  axis  of  Jurassic  rocks 
which,  at  Campiglia,  are  converted  into  domes  of  crystalline  white 
marble  in  the  contiguity  of  pomts  of  granite.  This  marble  throws  off 
on  its  flanks  a  compact  thin-bedded  limestone  with  encrinites  over- 
laid by  schists,  with  Posidonia  JossuXf  the  latter  being  abruptly  trun- 
cated against  masses  of  macigno  and  alberese.  This  Jurassic  group 
is  evidently  the  prolongation  of  one  of  the  zones  of  the  above-described 
Apuan  Alps  and  Pisan  hills  *.  The  existence  of  true  Jurassic  rocks  has 
Aurther  been  dearlv  indicated  by  M.  £.  de  Vecchi  m  Monte  Cetona, 
on  another  parallel  between  the  Maremma  and  tlie  Apennines.  The 
nucleus  of  this  hill  is  evidently  the  same  Oxfbrdian  limestone  with  Jm- 
manitea  Tatricua  which  constitutes  the  upper  group  at  La  Spezia. 
Again,  in  another  parallel,  the  group  of  mountams  between  the  Ma- 
remma and  Sienna,  composed  of  white,  yellow  and  red  marbles  (the 
Montagnuolo  Senese),  the  whole  reposing  on  a  conglomerate,  probably 
represent  the  Jurassic  series,  since  they  are  overlaid  by  scagua ;  but 
no  fossils  have  yet  been  detected  in  them. 

In  following  the  chief  ridges  of  the  Apennines  to  the  south,  but- 
tresses of  true  Jurassic  rocks  are  indeed  here  and  there  visible,  risiiig 
out  from  beneath  overlying  formations.     Ammonites,  of  the  group 

*  Some  of  the  phaenomena  on  the  Sanks  of  the  granite  of  Campiglia  and  the 
promontory  of  Piombino  are  analogous  to  those  of  the  adjacent  isle  of  Elba,  and 
the  rocks  are  loaded  with  varioos  crystals  of  iron  ore. 
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of  ^.  elegansy  occur  in  the  mountains  east  of  Perugia,  and  also  in  the 
red  marble  limestone  of  Monte  Malbe,  west  of  that  city.  The  Am- 
tmomiies  Tatricus  and  others  of  the  Oxfordian  group  are  found  in  the 
Kmestoncs  of  Moote  Sabasio,  east  of  Assisi,  and  at  La  Rossa,  between 
Fossato  and  Fimbriano.  In  this  region  also,  as  in  the  Apuan  Alps 
and  at  La  Spezia,  such  ammonitic  rocks  rise  out  as  axes,  throwing  off 
troughs  of  younger  strata,  the  sides  of  the  hills  being  for  the  most 
part  occupied  by  vast  accumulations  of  macigno. 

^  At  Cesi,  near  Temi,  on  the  very  outer  western  edge  of  the  Apen- 
nine  chain,  I  found  red  Hmestone  and  shale,  in  parts  imdistinguishable 
from  the  "ammonitico  rosso"  of  the  Venetian  Alps  or  that  of  La 
Spezia,  presenting  a  bluff  escarpment  to  the  tertiary  subapennine  ac- 
cumulations of  the  valley  of  the  Tiber,  and  loaded  with  characteristic 
ammonites,  such  as  Ammonites  Tatricus^  A,  biplex,  &c.  The  red 
ammonitic  rocks  of  Cesi,  which  are  clearly  of  Oxfordian  age,  repose 
upon  a  grey  limestone  of  perhaps  a  thousand  feet  in  thickness,  with 
siliceous  or  flint  nodules,  and  are  covered  by  flaglike  limestones  and 
bosses  and  peaks  of  dolomite.  Now,  if  characteristic  fossils  were  not 
found  in  the  red  zone  (a  rare  phaenomenon  in  the  Apennines),  who 
could  have  divined  the  age  of  these  rocks  ?  and  how  should  we  have 
seen  speculations  on  the  underlying  flinty  cream-coloured  limestone 
being  perchance  neocomian  or  scaglia?  It  is  indeed  a  nauseous  task 
for  the  geologist  to  wander  for  days  in  these  mountains  without  the 
trace  of  fossils,  and  hence  the  ammonites  of  Cesi  are  invaluable  land- 
marks. 

The  palseontological  researches  of  Professor  Ponzi  in  the  eastern 
half  of  the  Papal  States,  when  combined  with  the  mineralogical  de- 
scriptions of  hu  distinguished  coadjutor  Count  Lavinia  Medici  Spada, 
in  reference  to  the  volcanic  and  crystaUine  rocks,  will,  I  trust,  at  no 
distant  day  be  embodied  in  a  work  which,  coupled  with  the  labours  of 
Count  A.  C.  Spada  and  Prof.  Orsini  on  the  Adriatic  side  of  the  great 
axis  of  the  Apennines,  will  throw  much  light  on  this  subject.  Pro- 
fessor Ponzi  has  assured  me,  that  however  difficult  to  separate  these 
limestones  lithologically,  there  are  numerous  places  along  the  western 
edge  of  the  chief  ridge  of  the  Apennines  (extending  from  Sch^gia 
and  Monte  Cucco  on  the  N.N.W.  by  Fossato  Gualdo  to  Col  Fiorito 
on  the  S.S.E.),  where  limestones  with  Jurassic  ammonites  occur,  and 
that  near  La  Scheggia  and  elsewhere  these  are  seen  to  pass  under 
cretaceous  rocks.  Now,  this  ridge  is  parallel  to  others  of  smiilar  age : 
Ist,  that  of  Monte  Subasio  and  its  prolongations  on  the  east  side  of 
the  valley  of  Spoleto ;  2ndly,  of  Cesi,  west  of  Temi ;  and  Srdlj,  that 
of  Monte  Cetona ;  and  another  might  even  be  enumerated  in  the 
Tuscan  Maremma.  These  facts  sufficiently  indicate  the  prevalent  out- 
line of  ridges  and  troughs  directed  from  N.N.W.  to  S.S.E.,  into  which 
so  large  a  portion  of  uie  peninsula  is  divided.  Patient  examination, 
however,  can  alone  detect  the  extent  to  which  true  Jurassic  rocks,  as 
defined  by  the  fossils,  are  separable  from  those  of  neocomian  and 
cretaceous  age. 

Amidst  the  varieties  of  marble  which  abound  in  the  Roman  States, 
there  is  little  doubt  that  the  common  red  "  cottannello,"  of  which  the 

u  2 
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great  columns  in  the  facade  of  St.  Peter  are  made,  as  well  as  the 
"hreccia  di  Simone,"  are  the  Roman  representatives  of  the  "ammo- 
nitico  rosso,"  or  Oxfordian. 

Of  the  extent  to  which  Jurassic  rocks  may  crop  out  on  various 
parallels  of  the  grand  mountainous  undulating  region  of  the  central 
Apennines,  which  runs  down  from  the  lofty  Sibilla  and  Leonessa  into 
the  kingdom  of  Naples,  no  one  is  yet  perfectly  informed ;  but  the 
researches  of  Orsini  and  Alessandro  Spada  teach  us  that  Jurassic  rocks 
reoccur  on  the  eastern  side  of  the  axis,  the  chief  elevated  points  of 
which  are  either  cretaceous  or  nummulitic.  I  satisfied  myself,  indeed, 
that  the  mass  of  mountains  coloured  as  Jurassic  by  Collegno,  which 
extends  from  Civita  Castellana  to  Gaeta,  is  cretaceous,  and  forms  part 
of  the  rocks  of  that  age  around  Naples*.  The  lowest  visible  strata, 
however,  in  the  great  promontory  on  the  south  side  of  the  bay  of 
Naples,  and  notably  tne  bituminous  limestones  of  Torre  Orlando, 
are  classed  by  Agassiz  as  Jurassic  because  they  contain  the  Pycnodus 
rhombtM,  Ag.,  Notagogm  Pentlandi,  Ag.,  &c.  Again,  certain  lower 
strata  of  the  Val  GifPoni,  east  of  Nocera,  may  be  referred  to  the  age 
of  the  lias,  in  consequence  of  the  description  of  their  ichthyolites  by 
Sir  P.  Egerton,  viz.  the  Semionotus  Pentlandi  (Egert.),  S.  pustu- 
lifer  (Egert.),  and  8,  minutue  (Egert.)  f. 

Cretaeeaus  Rocks  of  Italy. 

Clear  distinctions  between  the  cretaceous  and  Jurassic  rocks  of 
Italy  can,  for  reasons  already  assigned,  be  seldom  safely  effected,  ex- 
cept where  the  one  or  the  other  contains  fossils,  and  can  thus  be  com- 
pared with  the  types  in  the  Alps.  At  Nice  on  the  west,  near  Milan 
in  the  centre,  and  in  the  Vicentine  on  the  east,  the  flanks  of  the  Alps 
afford  us,  indeed,  good  keys,  which  explain  the  order  of  succession. 
But  we  no  sooner  quit  the  edges  of  those  mountains  and  advance  into 
Italy,  than  we  lose  for  a  Ions  space  nearly  all  evidences  of  true  cre- 
taceous rocks  as  proved  by  tneir  fossils.  We  then  find  ourselves  in 
broad,  mountainous  undulations  of  sandstone,  schist,  and  impure  lime- 
stone, some  of  which  have  a  striking  resemblance  to  the  flysch  of  the 
Alps.  The  geological  map  of  Liguria  Marittima,  by  the  Marquis 
Pareto,  extending  from  Nice  on  the  one  hand  to  La  Spezia  on  the 
other,  and  the  work  that  accompanies  it^,  expose  the  diflliculties, 
which  even  an  able  geologist  intimately  acquainted  with  his  country 

*  The  author  of  this  map  is  aware  of  the  error,  and  informed  me  of  it  before  I 
visited  the  tract  In  the  first  effort  to  map  a  eoantry  such  errata  are  inevitable, 
and  our  hett  thanks  are  doe  to  M.  C<^egBO  for  his  endeavour  to  produee  iht  Uni 
general  geological  map  of  his  country. 

t  See  Proc.  Gcol.  Soc.  Lond.  voLiv.  p.  183. 

%  In  the  '  Cenni  geologic!  sulla  Liguria  Marittima,'  p.  30-47»  Pareto  considers 
all  the  macigno  and  alho-ese  of  Liguria  to  be  cretaceous  or  secondary,  beoiuse 
it  contains  fucoids.  It  is  nowhere  associated  with  nummulites.  But  in  respect 
even  to  the  latter,  he  classes  the  lowest  great  hand  of  them  at  Nice  as  also  cre- 
taceous, because  it  succeeds  in  overlying  oraer  to  a  representative  of  the  chalk  in 
which  green  grains  abound.  In  truth,  however,  there  can  be  no  doubt  that  all  the 
nummulite  rock  of  Nice  is  truly  eocene  and  tertiary,  and  that  it  reposes  on  the 
eouivalent  of  the  chalk  with  inoceramL  As  to  the  non-fossiliferous  macigno  and 
alberese  of  the  Genovesato,  it  is  hopeless  at  present  to  define  their  age  with  pre* 
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experiences,  in  handling  this  part  of  the  subject  in  such  a  region.  At 
Nice  indeed  the  succession  is  clearly  shown  from  neocomian  lime- 
stone, through  greensand  and  chalk,  up  to  overlying  nummuHtic 
strata ;  but  in  the  whole  of  the  tract  east  and  west  of  Crenoa,  the  slaty, 
hard,  calcareous  flagstones  (alberese)  and  the  macigno  sandstones  are 
grouped  together  as  a  higher  member  of  the  secondair  series.  In  fol- 
lowing the  northern  edges  of  the  great  plain  of  Piedmont,  a  wall  of 
crystalline  and  eruptive  rock  subtends  the  alluvial  plains  of  the  Po ; 
and  though  some  representatives  of  cretaceous  rocks  nank  the  Alps  and 
rest  upon  Jurassic  limestones  to  the  north  of  Milan  and  near  Como, 
I  shall  not  now  speak  of  these,  because  I  have  not  visited  them. 

Good  types  of  the  cretaceous  rocks  of  the  north  of  Italy  occur, 
however,  in  that  outlier  of  the  Alps  with  which  I  am  acauainted, 
the  Euganean  hills.  Separated  from  the  chain  by  the  trougn  of  the 
lower  tertiary  deposits  of  the  Vicentine,  these  hills,  long  known  to 
consist  chiefly  of  eruptive  trachytes  and  scagUa,  or  the  equivalent  of 
the  chalk,  have,  thanks  to  their  vicinity  to  the  abode  of  scientific  men 
at  Padua,  been  at  length  well  developed.  In  his  elaborate  work,  full 
of  lithological  and  mineral  description  and  views  concerning  the 
pseudo-volcanic  operations  of  the  region,  M.  Da  Rio  has  also  the  merit 
of  having  enumerated,  with  the  assbtance  of  Professor  Catullo  and 
others,  a  certain  number  of  fossils  * .  But  these  were  not  so  described 
or  grouped  as  to  furnish  to  any  extent  geological  divisions  in  the 
secondarv  rocks,  though  on  the  whole  the  strata  containing  Ammo- 
nites, Belemnites,  and  certain  Echini  {Ananchytes  ovatus)  were  sepa- 
rated from  the  strata  loaded  with  nummuhtes,  which,  in  followmg 
Brongniart,  M.  da  Rio  considered  to  be  tertiary.  The  more  recent 
researches  of  Pasini  and  Catullo,  and  particularly  those  of  De  Zigno, 
show  that  the  calcareous  masses,  formerly  known  under  the  terms  of 
grey,  white  and  red  scaglia,  are  divisible  into  formations  by  their  fos- 
sils ;  the  lowest  of  these  representing  the  Oxfordian  or  "  ammoni- 
tico  rosso"  of  the  Alps,  with  Ammonites  Hommairi  (D'Orb.),  A, 
biplex  (Sow),  and  A,  Zignoanua  (D'Orb.).  The  next  or  neocomian, 
forming  the  base  of  the  cretaceous  system,  is  characterized  by  the  Crto- 
ceras  Duvalii^  Belemnites  dilatatus  (Blainv.),  Ammonites  cryptoceras 
(D'Orb.),  A.  Astierianus  (D'Orb.),  and  A,  injundibulum  (D'Orb.). 
The  next  overlying  stage  is  considered  to  be  the  "  Aptien,"  D'Orb., 
and  contains  the  Hippurites  neocomiensis,  with  Spherulites  and  Am- 
monites Guettardi,  The  uppermost  band  is  the  scagUa,  or  true 
equivalent  of  the  white  chalk,  with  Inoceramus  Lamarckii^  Ananchytes 
tuberculatus,  Holaster,  &c. 

In  his  description  of  the  "  Terreno-Cretaceo  "  of  the  Venetian  Alps, 
as  exhibited  in  the  Monfenera  between  Fener  on  the  north  and  Pede- 

dsion,  void  as  they  are  of  fossils  and  perforated  in  all  directions  by  serpentine  and 
eruptive  rocks.  It  may  however  be  supposed,  as  suggested  in  the  text,  that  a  part 
of  them  may  be  cretaceous,  and  a  part,  on  the  parallel  of  strata  which  elsewhere 
contain  nummulitea.  The  same  species  of  fucoids  ranging  throughout  the  eocene 
of  the  Alps  down  into  the  lower  chalk  of  Northern  Italy,  are  no  criteria  of  age. 

*  Orittologia  Euganea  del  Nobile  Niccolo  da  Rio,  Padova,  1836,  with  a  coloured 
map  and  a  lithographic  profile. 
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robba  on  the  south,  M.  de  Zigno  has  fully  developed  the  order  and 
component  parts  of  the  "cretaceous  system"  of  Northern  Italy. 
Identifying  the  "biancone  "  with  the  "majolica"  of  Milan,  he  shows, 
by  its  several  species  of  Crioceras  and  many  species  of  Ammonites, 
published  by  D'Orbigny  as  neocomian  from  Woyence,  that  these 
Italian  limestones  form  truly  the  base  of  the  cretaceous  rocks,  and  are 
perfectly  to  be  distinguished  from  the  grey  and  red  scaglia  above 
them,  and  from  the  Oxfordian  Jura  or  "ammonitico  rosso"  beneath 
them.  I  can  only  venting  to  differ  from  the  Itahan  geologists  when 
they  state  that  a  limestone  between  the  neocomian  and  the  upper 
scaglia  contains  nummulites.  All  the  small  bodies  supposed  to  be 
nummulitea*,  when  seen  on  the  surface  of  such  cretaceous  lime- 
stones, have  proved  to  be  other  genera  of  foraminifera  (chiefly  Or- 
bitolites)  when  closely  examined.  The  course  of  sandstone  intercalated 
between  the  so-called  neocomian  and  the  scagha  or  chalk  is  perfectly 
in  accordance  with  the  section  of  the  Grunten  and  Bavarian  Alps  (see 
p.  204). 

In  the  Euganean  hills,  then,  as  in  the  Venetian  Alps,  the  upper 
member  of  the  chalk  is  surmounted  by  the  well-known  lower  tertiary 
nummulitic  rocks  of  the  Vicentine,  in  which  species  of  nummulites 
occur,  together  with  Turbinolia  and  other  fossils.  This  tertiary 
group  runs  into  the  hills  south  of  Vicenza,  which  constitutes  a  part 
of  the  eocene  accumulations  before  alluded  to.  When,  however,  we 
quit  this  Euganean  outlier  or  island,  and  travel  over  the  intervening 
plains  to  the  centre  of  the  Apennines,  we  are,  as  in  Liguria,  immersed 
m  that  venr  different  mineral  type  to  which  allusion  has  already  been 
made.  The  limestones,  some  of  which  may  stand  in  the  place  of 
upper  members  of  the  cretaceous  system,  are  traversed  by  serpen- 
tines, and  scarcely  ever  contain  the  trace  of  animal  organic  remains. 
In  vain,  for  example,  does  the  geologist  explore  the  limestones  con- 
stituting the  chief  ridge  between  Bolo^a  and  Florence,  or  the  axis 
between  Liguria  and  Piedmont ;  for  with  a  few  examples  of  fucoids 
only,  he  can  find  no  fossil  base-line  whatever  in  descending  order,  and 

*  See  *'  Sul  Terreno  Cretaceo  deir  Italia  Settentrionale,''  Padova  1846.  Whea 
the  Men  of  Science  were  assembled  at  Venice  in  1847»  1  in  vain  endeavoured  to 
detect  a  true  nummuUte  found  in  this  cretaceous  rock.  Among  the  unequivocal 
neocomian  fossil  species  of  D'Orbig;uy,  dted  by  De  Zigno,  are,  Ammoniiet  astie- 
rianuSf  A»  Guettardit  A.  macUenltUf  A.  JuiUeti,  A,  ifUBgualietutafuSf  A.  Grtui' 
Mfiust  A,  Morelianutf  A,  tubfimbriaha,  A.  rtetieottatuat  A.  Mathermm,  A.  Ter* 
verii,  A.  bidichotomtu  (Leym.),  Beleinrntei  dilatatut  (Blainv.),  B,  lahu  (Bl.), 
Crioceras  Emerici  (D'Orb.),  C,  DuvaUi  (Leveill^),  and  C.  Da  i2io  (Zigno).  With 
these  and  the  Spatangut  retusxu  are  associated  two  species  of  Aptychus.  One 
of  the  latter  has  been  supposed  by  Von  Buch  to  occur  also  in  the  upper  Jura. 
In  his  memoir  before  referred  to,  M.  Zeuschner  cites  two  species  of  Jurassic  Apty- 
chi  and  the  Terebratula  dipkya  as  being  associated  with  many  forms  of  neoco- 
mian age  in  the  same  band  of  Carpathian  rocks,  an  anomaly  wluch  I  have  endea- 
voured to  explain,  pp.  260,  261. 

In  his  description,  M.  de  Zigno  further  shows,  that  the  conjoint  elevation  of  the 
cretaceous  and  overlying  tertiaries  has  extended  from  the  tract  where  I  first  de- 
scribed it  to  the  longitude  of  Feltre.  Whilst  these  pages  are  passing  through  the 
press,  I  learn  from  M.  de  Zigno  that  he  has  in  great  fMirt  carried  out  the  work  to 
which  I  alluded  p.  223. 
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the  yast  masses  of  associated  maciffno  sandstone  are  scarcely  more  pro- 
dactive.  As  to  the  fiicoids  found  in  the  Florentine  Apennines,  they 
have  much  too  great  a  vertical  range  to  afford  any  criterion  whatever 
of  the  true  age  of  the  rocks.  Forms  said  to  be  similar  occur  in  the 
grey  or  lower  scaglia  of  the  Venetian  Alps,  and  are,  as  I  have  shown, 
still  more  abundantly  developed  in  the  supracretaceous  macigno  or 
fljTsch  of  the  Northern  Alps. 

Rare  as  they  are,  certain  fossils  have,  however,  been  found ;  and  the 
existence  of  the  sohtary  Hamitet  Micheli  of  Fiesole,  of  one  anmionite 
discovered  by  Mr.  Pentland,  and  of  another  by  the  Marchese  Pareto, 
are,  in  the  absence  of  other  countervailing  fossil  proofs,  enough  to 
satisfy  me,  that  there  is  here  a  zone,  which,  in  a  peculiar  hthological 
form,  represents  the  cretaceous  system,  as  on  the  north  flank  of  the 
Carpathians.  I  consider  this  group  to  be  the  equivalent  of  the  upper 
greensand  and  cbalk,  which  has  assumed  very  much  the  same  ''flysch" 
or  macigno  characters  as  the  cretaceous  deposits  of  Gosau.  I  am  very 
far,  however,  from  agreeing  with  Professor  Savi,  that  all  the  macigno 
is  cretaceous.  On  the  contrary,  I  am  convinced  that  probably  the 
largest  masaet  of  that  rock,  and  particularly  whenever  they  surmount 
or  are  associated  with  nummuHtic  strata,  are  of  eocene  age.  The 
beds  at  PeroUa,  near  Massa  Marittima,  which  contain  the  G^ryphsea 
figured  by  Pilla,  represent  in  my  estimate  the  uppermost  cretaceous, 
or  band  of  transition  into  the  lower  tertiary  rocks. 

True  equivalents  of  the  neocomian  are,  as  before  said,  rare  in  the 
north  of  Italy.  In  the  environs  of  the  baths  of  Lucca,  the  position 
and  UtholoMcal  aspect  of  the  mountain  called  "  Prato  Fiorito  "  led  me 
to  beheve  mat  it  was  of  neocomian  age.  It  is  composed  of  compact 
cream-coloured  limestone  (a  and  b,  fig.  33),  with  numerous  nodules  of 


Fig.  33. 

Ea$t  qfthe  Baths  qfLucifa, 

W.N.W. 

Prato  Fiorito. 

E.S.E. 

^^^ 

k 

g                               f        d                    e              b 
Hard  grey  and  green  macigno.                     Albereae. 

a 
Neoeomian7 

flint,  precisely  resembling  the  "  biancone"  which  in  the  Venetian  Alps 
is  proved  to  be  of  that  age.  Moreover,  I  found  it  to  be  surmounted 
by  bands  of  impure  sandy  limestone,  schist,  red  scaglia,  &c.  (e  and  cQ, 
which  might  very  well  pass  for  the  greensand  and  chalk  ;  whilst  the 
great  mass  of  macigno  overlying  the  whole  series  constituted  the  chief 
peaks  of  the  surrounding  mountains.  These  acain  are  followed  by  a 
peculiar  calcareous  breccia  and  agglomerate  (/),  which  seemed  to 
occupy  the  usual  place  of  the  chief  nummuhtic  zone  of  Italy  ;  the  whole 
being  surmounted  by  the  great  mass  of  macigno  of  which  the  sur- 
rounding adjacent  mountains  are  for  the  most  part  composed.  But, 
afler  a  long  search,  I  could  find  no  organic  remains  except  a  rude 
cast,  which  might  be  a  Crioceras,  and  winch  I  detected  near  the  sum- 
mit of  the  supposed  neocomian.    Fucoids  indeed  are  seen  on  the  faces 
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of  the  scaglia^like  and  impure  limestone  which  here  underlies  the  great 
mass  of  macigno. 

Passing  from  these  difficulties,  in  defining  the  equiyalents  of 
the  cretaceous  rocks  in  Liguria,  Modena,  Lucca  and  Tu8canj»  and 
their  relations  to  inferior  and  superior  strata,  the  true  cretaceous 
system  is  not  only  observable  at  intervals  in  the  southward  range  of 
the  Apennines,  but  on  various  parallels  resumes  its  calcareous  and 
fossil  characters,  and  constitutes  ridges  of  considerable  length  in 
Southern  Italy.  In  the  Papal  States  these  limestones,  undei^oing 
many  undulations  and  breaks,  constitute  the  chief  chains  which  flank 
the  valleys  of  Umbria,  the  Sabine  mountains  (Tivoli,  Subiaco  and 
Palestrina),  and  the  Volscian  hills  extending  to  Gaeta  and  Naples. 
Although  these  rocks  are  in  their  upper  portion  chiefly  characterized 
by  hippurites,  I  am  unprepared  to  define  to  what  extent  they  may 
be  divided  into  formations  representing  the  neocomian  or  lower 
greensand,  as  separated  from  the  upper  greensand  and  chalk.  I  will, 
however,  presently  describe  how  these  hippuritic  hmestones  of  the 
Sabine  hiDs  are  surmounted  by  nummuHtic  rocks  and  macigno.  In 
the  limestones  of  Gaeta,  whether  crystalline,  saccharoid  or  compact, 
I  found  many  hippurites.  The  same  rocks  rising  up  into  the  ridge  of 
Monte  Marzo,  near  St.  Agata,  are  underlaid  by  a  thm-bedded,  earthy 
and  sometimes  bituminous,  dark-coloured  hmestone,  which  may  be 
considered  neocomian.  The  Jurassic  limestones  of  Sorrento  are  of 
great  thickness  and  contain  hippurites ;  whilst  the  whole  of  the  above 
series  dips  under  macigno. 

On  the  Eocene  Rocks  of  Italy  and  their  relations. 

The  group  of  this  age,  as  clearly  indicated  by  its  overlying  rela- 
tions to  true  cretaceous  rocks,  has  been  sufficiently  described  in 
respect  to  the  Venetian  Alps,  the  Vicentine  and  Euganean  hills.  It 
is  also  so  well  known  in  the  environs  of  Nice,  that  it  is  sufficient  to 
cite  the  memoirs  in  which  it  has  been  noticed*.  The  great  diange 
in  mineral  aspect  which  these  deposits  undergo,  as  they  pass  from 

♦  I  visited  Nice  in  1828  in  company  with  Sir  C.  Lyell,  since  which  period 
much  progress  has  been  made  in  our  acquaintance  with  the  succession  of  tba 
strata  in  its  environs.  I  have,  however,  a  sufficient  recollection  oi  the  physical 
relations  of  the  rock-masses  to  understand  the  value  of  the  descriptions  of  the 
Marquis  Pareto  (Liguria  Marittima),  and  of  M.  Perez.  The  latter  gave  a  very 
elaborate  account  of  the  nummulitic  deposits  of  that  tract  at  the  Genoa  meeting 
of  the  Scienziati  Italiani ;  but  whilst  he  allowed  that  the  greater  part  of  the 
nummulitic  fossils  were  eocene,  still,  in  compliance  with  the  prevailing  fashion, 
he  classed  them  as  cretaceous,  as  well  as  the  adjacent  macigno  of  the  Maritime 
Alps  wliich  overlies  the  nummulitic  group.  The  sections  are,  in  a  general  sense, 
80  in  accordance  with  my  own  in  the  Alps  and  Apennines,  that  it  is  unnecessary 
I  should  do  more  than  say,  that  they  exhibit  a  succession  of  various  bands  contain- 
ing  nummulites,  ostreae,  &c,  the  lowest  of  which  repose  on  beds  (often  a  green- 
sand) with  inocerami  qfihe  chalky  and  which  in  other  places  are  chai^ged  with  other 
types  of  th«;  upper  cretaceous  groups.  A  limestone  with  neocomian  fossils,  and 
another  with  Oxfordian  Jurassic  fos&ils,  in  descending  order,  completes  therefore  the 
analogy  with  the  succession  in  the  Venetian  Alps.  The  conclusion  of  M.  Perez  is, 
that  the  macigno  of  the  Maritime  Alps  is  everywhere  more  recent  than  the  num- 
mulitic hmestone. 
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one  region  to  another,  and  aboTe  all  the  accompanying  phsenomenon 
of  an  almost  entire  disappearance  of  organic  remains,  have  neces- 
sarily involved  them  in  much  obscurity  in  Liguria,  Modena  and 
Tuscany.  As  a  whole,  there  is  indeed  a  strong  Uthological  re- 
semblance, as  before  said,  between  the  rocks  called  macigno  by  the 
Italians,  and  the  flysch  and  Wiener  sandstein  of  the  Swiss  and  Au- 
strian geologists.  In  the  Apennines,  as  in  the  Alps  (I  have  already 
alluded  to  it  in  the  Apuan  ridge),  there  is  a  fine-grained  small  micar 
ceous  sandstone  which  much  resembles  the  ordinary  macigno,  whose 
exact  age,  whether  cretaceous  or  eocene,  may  be  doubtful ;  but  I  now 
simply  treat  of  that  macigno  wtiich,  wherever  there  have  been  no  in- 
versions, is  either  intercfdated  with,  or  superposed  en  masse  to,  the 
nummuUtic  rocks.  If  we  appeal  to  the  environs  of  Florence,  we  see 
that,  however  wanting  in  a  clear  cretaceous  base-line  in  the  vicinity 
of  that  city,  the  whole  of  the  Tuscan  series  of  alberese  and  macigno 
sandstones  repose  upon  secondary  limestone  (chiefly  Jurassic)  in  the 
Pisan  hills  on  the  west,  at  Monte  Cetona  and  Campiglia  on  the 
south,  and  in  the  central  Apennines  of  Monte  Yerame  and  Citta  di 
Castello  on  the  east.  In  defining  the  relations  of  the  component 
parts  of  this  group,  I  have  already  expressed  my  belief,  that  in  part« 
of  Tuscany  the  lower  portion  is  probably  the  non-fossiliferous  repre- 
sentative of  the  upper  portion  of  the  cretaceous  system.  In  fact,  the 
term  "alberese"  is  so  loosely  applied  to  every  light-coloured  lime- 
stone, pure  or  impure,  which  dips  under  or  alternates  with  macigno, 
and  which'  may  nappen  to  contain  fucoids,  that  it  would  be  very 
hazardous,  in  tracts  so  void  of  organic  remains,  to  define  the  neat 
limits  between  secondary  and  tertiary.  We  have  not  here,  as  in 
the  Alps,  either  a  neocomian  Umestone  with  its  fossils  to  represent 
the  lower  greensand  of  the  English,  nor  anything  Hke  the  Alpine 
equivalents  of  upper  greensand  and  chalk.  But,  if  so  obscure  in  the 
descending  order  (and  he  who  crosses  the  chain  from  Bologna  to  Flo- 
rence will  admit  this  to  be  the  case),  these  tracts  have,  however,  one 
strong  point  of  comparison  with  the  Alps  in  the  Uthological  resem- 
blance of  their  upper  macigno  to  the  flysch  of  the  Swiss.  They 
further  resemble  certain  Alpme  tracts  in  having  no  rigid  boundary  or 
break  between  the  lowest  strata  in  which  nummuUtes  occur,  and  the 
beds  above  and  below  them.  The  best  proof  of  this  is,  that  Pro- 
fessor Pilla  described  as  one  natural  physical  group,  which  he  termed 
"  Etrurian,"  that  which,  on  further  inquiry,  he  conceived  to  be  com- 
posed in  its  lower  part  of  strata  referable  to  the  chalk,  and  in  its 
higher  part  of  a  pecuUar  intermediary  formation.  As  this  Etrurian 
system  (so  named  from  the  country  in  all  Europe  most  deprived  of 
organic  remains)  is  thus  composed  of  both  secondary  and  tertiary 
strata,  it  is  manifest  that  the  term  is  geologically  inadmissible. 

TITiilst  then  the  lowest  alberese,  and  some  macigno,  may  remain  as 
very  ill-characterized  cretaceous  rocks,  the  upper  Etrurian  of  Pilla  is 
in  fact  nothing  more  than  the  eocene  group  of  the  Alps,  hke  which 
it  contains,  in  some  locahties,  zones  of  nummuhtic  hmestone,  and  is 
further  surmounted  by  vast  accumulations  of  macigno  sandstone. 

The  nummulitic  limestone  of  Mosciano,  near  Florence,  having  been 
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mucli  spoken  of  by  Pilla  and  others,  and  having  attracted  the  notice 
of  the  geologists  of  the  meeting  at  Florence,  I  visited*  and  made  a 
section  of  the  strata  which  I  now  produce  (fig.  34),  as  it  differs 


S.S.E. 


N.N.W. 
Piere  m  Scttimo, 
Vsllej-  of  the  Anio. 


Dome  of  alberese. 


essentially  from  those  hitherto  published  f.     It  shows  an  underlying 
light  grey  limestone  or  alberese,  with  fucoids  followed  by  schists ; 
next  by  the  nummulitic  limestone  (/)  ;  and  lastly  by  a  vast  over- 
lying mass  of  macigno  sandstone  Q),  as  seen  in  the  nills  above  St. 
Martino.    The  lowest  beds  at  the  Calcinajo,  to  the  south  of  Pieve-a- 
Settimo,  are  thin-bedded,  cream-coloured  limestones  (</?)  of  con- 
choidal  fracture,  with  marlstones  which  contain  the  Fucoides  intri- 
catus  and  F,  TargioniX*    These  limestones,  alternating  with  whitish 
schists  or  marl,  form  a  low  dome,  the  south  side  of  which  dips  under 
other  schists  or  shales  of  black  and  red  colours,  the  '^  galestro  "  of 
the  natives  {e),  which  are  covered  by  a  thin  band  of  micaceous  sand- 
stone or  macigno.     Then  come  impure  gritty  light  grey  limestones 
in  strone  becb  of  four  to  five  feet  thick  (/),  which  contain  small 
nummuhtes  {N,  globultis  ?)  and  minute  foraminifera,  and  towards  their 
upper  portion  pebbles  of  older  compact  hmestone.     These  graduate 
upwards  into  flaglike,  sandy,  impure  limestone  of  a  bluish  tint,  which 
forms  the  passage  into  a  great  and  distinctly   overlying  mass  of 
"macigno"  {g),     Beds  of  coarse  grit  or  small  conglomerate  occur 
near  the  base  of  the  sandstones,  in  which  are  pebbles  of  quartz  and 
diallage,  and  above  them  are  small  micaceous  sandstones,  which, 
although  weathering  yellowish,  are  of  the  usual  grey  macigno  colours 
when  freshly  quarried.     Some  of  these  masses  assume  spheroidal 
shapes,  and  there  are  other  alternations  of  similar  sandstones  and 
shale,  and  coarse  grits  (conglomerates,  &c.),  which  occupy  the  sum- 
mits of  the  adjacent  hills.     Now,  all  these  beds  are  perfectly  con- 
formable, and  from  below  the  village  of  St.  Martino  to  the  tops  of  the 
hills  they  dip  to  the  S.S.E.  at  angles  gradually  decreasing  from  20° 
to  10°.     It  is  thus  seen,  that  the  nummuhtes  occurring  in  the  lower 
part  of  all  the  macigno  which  is  here  exposed,  are  clearly  covered  by 
another  and  much  greater  mass  of  macigno.     These  strata  are  there- 
fore, according  to  my  view,  on  the  very  same  parallel  as  the  nummuUtic 
and  flysch  group  of  the  Alps. 

The  hills  near  Pistoja,  and,  in  short,  everywhere  around  the  vale 

*  I  was  kindly  accompanied  by  the  Marcheae  Carlo  Torrigiani  and  Professor  Tar- 
gioni-Tozzetti. 

t  Compare  my  section  with  that  of  Pilla  in  his  work,  entitled  '*  Distinzione  del 
Terreno  Etruri  tra'  piani  secondari  del  mezzo-giorno  di  Europa."  Pisa,  1846. 
Tav.  iii.  fig.  3 ;  and  Mdra.  Soc.  G^ol.  Fr.  vol.  ii.  2nd  ser.  p.  163. 

X  Where  these  limestones  are  of  a  bluish-grey  colour  they  are  called  "  Colom- 
bino,"  as  distinguished  from  the  whiter  beds  or  "  alberese." 
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of  the  Amo,  afford  sections  of  mi^igno,  and,  whether  of  grey  or 
greenish-grey  colours,  it  is  usually  the  same  slightly  micaceous  and 
feebly  calcareous  sandstone  with  grains  of  hlack  schist,  the  fine  build- 
ing-stone of  this  region.  At  Ripa-fratta  and  other  places  to  the  north 
of  the  Pisan  hills,  this  macigno  is  seen  to  dip  away  from  all  the  chief 
underlying  calcareous  masses.  But  unfortunately  the  absence  of  fossils 
between  the  ammonitic  group  of  the  latter  and  the  lowest  beds  of  true 
macigno  (the  interval  being  occupied  by  compact  limestone  with  flints), 
defeats  any  attempt  at  close  comparisons  '*'. 

In  ascending  the  valley  of  the  Amo  above  Florence,  and  particu- 
larly between  Ponte  Sieve  and  Incisa,  strong  bands  of  alberese  lime- 
stone undulate  in  rapid  flexures  or  anticlmals,  and  dip  under  vast 
thicknesses  of  macigno,  which  roll  over  rapidly  to  the  W.N.W.  and 
E.S.E.  At  Monte  Consuma  these  macigno  rocks  contain  two  or 
three  courses  of  nummulitic  limestone,  as  Professor  Pilla  has  already 
mdicated. 

The  gnmd  masses  of  macigno  which  occupy  the  sides  of  the  upper 
Talley  of  the  Tiber  near  Arezzo  and  thence  range  down  to  the  envi- 
rons of  Perugia  may  be  followed  to  the  flanks  of  the  highest  Apen- 
nines, where  they  are  seen  to  repose  on  the  secondaiy  limestones. 
Between  Arezzo  and  Perugia  the  macigno  is  copiously  developed, 
forming  the  hills  on  the  eastern  shores  of  the  Tlmisymene  lake  ;  it 
there  clearly  alternates  with  subordinate  calcareous  bands,  and  is  itself 
often  slightly  calciferous.  It  is  here  near  the  centre  of  a  vast  trough, 
the  limits  of  which  are  the  secondary  limestones  of  Monte  Cetona 
on  the  west  and  the  Apennines  on  the  east.  I  was  not  able  to 
satisfy  myself,  by  any  absolute  superposition  to  strata  with  creta- 
ceous fossils,  whether  these  rocks  are  really  of  lower  tertiary  age ; 
but  my  impression  is  that  they  are  simply  prolongations  of  the 
eocene  macigno  of  Arezzo  and  Monte  Consuma,  in  which  nummu- 
Utic  bands  occur.  In  examining  them  I  was  reminded  of  an  obser- 
vation made  by  my  lamented  friend  M.  Alex.  Bronsniart,  who, 
when  I  first  snowed  him  characteristic  specimens  of  the  upper 
Silurian  rock  of  Ludlow,  exclaimed  that  they  were  true  "  macigno." 
I  assert  that  the  small  micaceous,  slightly  calcareous,  earthy  sand- 
stones, breaking  to  a  bluish  heart  within,  and  weathering  to  a  dirty 

*  <*  Sulla  costituzione  geologica  dei  monti  Pisani,  memoria  del  Prof.  Cav.  Paolo 
Savi,  Pisa,  1846."  Placing  the  nummulitic  limestone  as  the  uppermost  bed  of 
the  cretaceous  rocks,  Professor  Savi  shows  that  it  reposes  ou  alberese  with  fucoids 
with  and  without  flints,  macigno  sandstone,  argillaceous  schists,  and  mottled 
limestone  with  fucoids.  Beneath  this  upper  group  are  other  and  darker-coloured 
limestones,  with  flints  and  fucoids,  which  form  the  base  of  the  cretaceous  rocks. 
He  then  classes  in  the  upper  member  of  the  Jurassic  series  a  light  grey  limestone 
(also  with  flints),  which,  he  says,  passes  into  and  contains  some  of  the  fossils  of 
the  red  ammonitic  rock,  about  which  no  doubt  exists.  His  lower  Jurassic  or  lias 
is  made  up  of  whitish  limestone  with  fossil  bivalves  and  turriculated  shells,  of  a  dark 
grey  limestone,  also  with  some  obscure  fossils,  and  lastly,  at  its  base,  of  the 
**  Verrucano."  The  only  horizon  clearly  marked  by  its  secondary  fossils  in  all  this 
series  is  the  "  ammonitico  rosso ;"  but  judging  from  the  overlying  position  of  the 
nummulites  in  the  south  of  Italy,  as  well  as  in  the  north,  it  is  probable  that  the  great 
mass  or  lower  portion  of  alberese  limestones  is,  I  repeat,  really  cretaceous.  See  a 
translation  of  Prof.  Savi's  Memoir  in  Quart.  Journ.  Geol.  Soc.  voLiii.  partii.  p.  1-10. 
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ash-colour,  on  which  Flaminius  was  defeated  by  Hannibal,  are 
scarcely  to  be  distiDguished  from  those  on  which  Caractacus  made  his 
last  stand  against  the  Romans,  although  the  one  is  either  eocene  or 
younger  cretaceous  and  the  other  Silurian  paleeozoic !  I  make  Uiis 
remark  both  as  a  fair  excuse  for  the  older  geologists,  who  in  a  region 
so  void  of  fossils  had  considered  this  macigno  to  be  an  ancient  "  grey- 
wacke  "  ;  and  still  more  as  a  reason  why  me  latter  word  should  ncTcr 
more  be  used,  except  in  a  mineralogicaL  sense.  This  solid  macigno 
of  the  Thrasymene  and  Perugia,  graduatii^  upwards  into  thinner 
courses  with  flaglike  calcareous  bands,  is  surmounted  by  the  pebbly, 
sandy,  and  marfy  accumulations  on  which  Perugia  is  built  ^. 

The  whole  of  the  western  edge  of  the  Apennines  from  Foligno  to 
Rome  is  void  of  macigno,  and  the  grand  trough  or  basin,  between  that 
Apennine  escarpment  on  the  east  and  the  ridges  of  secondary  lime- 
stone of  the  Siennese  and  Roman  Maremma  on  the  west,  is  exclu- 
sively occupied  by  volcanic  and  tertiary  deposits,  through  which  a 
few  islets  or  outhers  of  Apennine  hmestone,  such  as  Mount  Soracte, 
rear  their  heads  as  you  approach  to  Rome.     But  to  the  south  of 
Nami  and  in  the  Sabine  mountains  east  of  Rome,  where  the  lime- 
stones are  manifestly  cretaceous,  we  again  meet  with  overlying  num- 
mulitic  rocks  and  macigno, — ^not  indeed  on  the  external  or  western 
face  of  the  chain  at  Tivoli  and  Palestrina,  but  between  those  places 
and  Subiaco.     The  chief  limestone  of  this  tract,  even  when  in  that 
state  of  marble  called  "  Occhio  di  Pavone,"  has  been  found  to  con- 
tain hippurites.     In  traversing  the  chain  fi^om  Palestrina  to  Subiaco, 
I  perceived,  that  whilst  it  presented  a  broken  and  often  abrupt 
escarpment  to  the  plain  of  the  Campagna,  the  hippurite  limestone,  when 
followed  across  its  strike  or  to  the  east,  soon  folds  over  in  rapid  undula- 
tions accompanied  by  great  fractures,  and  at  Oldvano  is  surmounted 
by  an  impure  sandy  limestone  charged  with  nummuhtes  and  pectens. 
The  whole  calcareous  series  then  plunges  under  troughs  filled  with 
macigno  sandstone,  precisely  similar  to  that  of  Tuscany,  and  which, 
though  weathering  externally  to  rusty  yellow  and  dirty  ash-colour,  is, 
when  quarried  into,  the  same  dull  bluish  grey  psammite  with  minute 
grains  of  black  schist,  so  well  known  as  the  bmlding-stone  of  Florence. 
These  macigno  beds  are  occasionally  vertical,  and  often  so  broken  and 
squeezed  up  between  the  older  limestones  (with  a  strike  from  S.S.E. 
to  N.N.W.),  that  persons  unaccustomed  to  their  relations  elsewhere 
might  well  be  induced  to  suppose  that  they  underlie  the  older  rocks. 
At  Rojati,  however,  which  stands  on  a  fine  thick-bedded  macigno  with 
alternating  layers  of  shale,  that  dips  away  at  a  slight  angle  (this  place 
being  near  the  centre  of  a  trough),  the  rock  passes  downwards  into 
the  same  sandy  and  siliceous  limestones  which  form  the  summit  of 
the  picturesque  cretaceous  hill  of  Ol^vano.      Aeain,  at  Subiaco 
(see  fig.  35),  the  church  of  Maria  della  Yalle  is  buut  on  an  inclined, 
nodular,  grey  macigno  with  soft  partings,  which,  covered  by  a  mass 
of  unconmrmable  and  horizontal  tertiary  conglomerate,  passes  down- 

*  An  accident  which  injured  one  of  my  legs  prevented  my  exploring  the  hilly 
tracts  east  of  Perugia  and  Assist.  But  I  could  hear  of  no  nummuUtes  in  the  en« 
virons,  and  the  Museum  of  the  University  does  not  contain  them. 
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wards  into  the  upper  beds  of  the  great  cretaceous  limestones,  of  which 
all  the  surrounding  mountains  are  composed,  and  in  the  grottoes  of 
which  St.  Benedict  established  his  famous  monastery.  Here,  as  at 
Ol^vano,  the  beds  between  the  solid  hippuritic  limestones  and  the 
macigno  are  sandy  or  siliceous,  dirty  or  yellowish  white  limestones. 

Fig.  35. 
Sabine  HUk, 


Macigno.  g  f  d 

flippurite  limeitone. 
Plioeene  or  Pott-pliocene.     *.  Conglomerate. 
!;._-__.    IB'  Macigno. 
j^ocene.  \^^  Nnmniulite  Umestone. 
Cretaceous,    d.  Hippurite  limestone. 

with  nummulites  and  pec  tens.  Near  Agosta,  lower  down  the  valley 
of  the  Teverone,  there  are  extensive  quarries  of  this  macigno  where  the 
rock,  being  deeply  cut  into,  is  blue-hearted,  of  concretionary  forms 
on  the  great  scale,  and  quite  undistinguishable  from  the  *'Pietra 
forte"  of  Florence.  The  strata  dip  slightly  across  the  valley  and 
appear  to  plunge  under  the  massive  limestone  cliffs  of  Agosta,  but 
this  appearance  is  fallacious,  and  is  simply  the  result  of  one  of  the 
numerous  faults  of  the  chain  ;  for  the  macigno  is  inclined  at  10°  or  12° 
only,  and  the  secondary  limestone  plunges  45°.  It  is,  I  apprehend, 
from  such  examples  that  the  supposed  intercalation  of  the  overlying 
macigno  with  tlve  secondary  limestones  has  been  supposed  to  exist. 

Judging  from  the  section  and  brief  description  by  MM.  Alessan* 
dro  Spada  and  Orsini*  of- the  rocks  between  the  watershed  of  the 
Apennines  and  the  Adriatic  in  the  parallel  of  AscolLand  the  Tronto 
river,  it  would  appear  that  there  is  there  a  much  greater  simplicity 
of  structure  than  on  the  western  side  of  the  axis.  This  symmetrical 
disposition  may  be  accounted  for  by  the  absence  of  those  eruptive  and 
volcanic  rocks  which  are  so  abundant  along  the  western  slopes  of  the 
chain.  Although  I  was  prevented  from  visiting  the  Adriatic  shores 
by  the  political  state  of  the  country,  I  cannot  refer  to  the  sections  of 
Spada  and  Orsini  without  suggesting  that  one  essential  phsenomenon 
of  that  region  is  in  accordance  with  my  own  views.  Tneir  diagram 
shows  a  concordant  passage  from  the  limestone  called  ''majoUca'' 
into  overlying  limestone  with  nummuhtes,  and  thence  upwards 
through  grey  impure  limestones  with  fucoids  into  macigno.  Now 
whether  this  majolica  be,  as  I  suspect,  neocomian  and  not  Jurassic 
(as  they  believe),  and  whether  there  be  or  be  not  any  representative 
of  the  white  chalk,  we  have  clearly  an  ascending  succession,  in  which 
the  macigno  is  the  highest  mass,  and  is  overlaid  only  by  tertiary  mio» 
cene  strata  with  gypsum.  The  question  after  all  is,  what  are  the 
fossils  which  are  there  associated  with  true  nummulites  ?  and  from 

*  Ball.  Soc  GeoL  Fr.  2  Sen  t.  iL  p.  408, 1845. 
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all  I  could  learn,  tb^  are  there  similar  to  those  which  have  been  de- 
scribed from  other  places.  In  other  words,  they  are  not  cretaceous, 
but  form  the  peculiar  group  in  question.  In  this  case,  therefore,  we 
have  simply  the  well-known  Alpine  order  of  nummulite  limestooes, 
sometimes  OTerljing  neocomian  and  sometimes  resting  upon  upper 
cretaceous  rocks,  and  surmounted  by  vast  masses  of  *'  flyscn,"  t.  e,  of 
impure  limestone  with  fucoids,  sandstones,  &c.  There  is,  howcTer, 
in  this  section  a  feature  which  wholly  disagrees  with  the  physical  re- 
lations of  Northern  Italy.  The  gypseous  molasse  or  miocene  of  the 
authors  is  placed  as  an  unconformable  mass  between  the  macigno  and 
the  lower  subapennine,  and  equally  unconformable  to  both.  I  confess 
that  this  feature  is  unknown  to  me  in  any  part  of  Italy,  and  I  beliere 
it  to  be  merely  local,  because  the  authors  themselves  state  that  at 
Ascoli  the  same  formations  are  conformable.  In  regard  to  the  mio- 
cene and  pliocene,  the  examples  of  a  gradual  transition  from  one  to 
the  other  are  indeed  without  number,  as  will  presently  be  noted. 

It  is  unnecessary  to  multiply  examples  of  the  superposition  of  the 
chief  mass  of  the  macigno  to  the  youngest  secondary  rocks  or  hippu- 
ritic  limestone  of  Central  Italy.  In  following  the  upper  road  from 
Rome  to  Naples,  any  one  may  rapidly  satisfy  himself  on  this  point  at 
Ferentino,  on  the  north  side  of  which  masses  of  inclined  macigno  with 
finely  laminated  sandy  marls,  dip  away  from  a  boss  of  the  scaglia 
limestone  and  pass  under  all  the  younger  and  unconformable  tertiary 
series  of  the  Campagna.  The  masses  of  macigno  on  the  south-western 
face  of  the  great  promontory  of  Sorrento,  which  forms  the  south  side 
of  the  bay  of  Naples,  also  overhe  cretaceous  or  hippuritic  limestones, 
and  the  same  order  is  seen  in  man^  tracts. 

It  is  probable  that  the  best  fossdiferous  exposition  in  the  kingdom 
of  Naples  of  both  the  upper  cretaceous  and  the  true  nummulitic 
eocene,  is  exhibited  in  the  grand  Adriatic  promontory  of  Monte  Gar- 
gano,  which  it  was  my  full  intention  to  have  yisited,  had  the  recent 
pohtical  troubles  not  preyeuted  me.  The  late  Professor  Pilla  is  per- 
naps  the  only  geologist  who  has  examined  and  described  it.  But.un- 
luckily  at  the  period  of  his  yisit  he  was  not  so  well  yersed  in  strati- 
graphical  geology  and  organic  remains  as  he  subsequently  became, 
and  I  know  from  himself  that  he  intended  to  revise  his  sections  of 
that  great  headland.  In  default  of  a  personal  visit  I  was  gratified  to 
find,  in  the  Royal  Mineralogical  Museum  of  Naples,  so  ably  directed 
by  Professor  Scacchi'*',  a  very  illustrative  series  of  the  rocks  and 
fossils  of  this  Monte  Gargano,  the  inspection  of  which  left  no  doubt 
whatever  in  my  mind,  that  the  order  of  succession  is  there  the  same 
as  that  which  I  have  witnessed  in  the  Venetian  Alps,  the  Papal 
States  and  other  districts.  The  oldest  rock  is  evidently  the  com- 
pact and  hard  white  Umestone  with  flints,  and  containing  five  species 
of  Hippurites,  besides  Ammonites  and  Nerinaese.  Then  follow  other 
beds,  in  which  it  would  be  presumptuous  in  me  to  attempt  to  decide 
the  exact  order.     One  of  these  is  a  red  breccia ;  another  is  a  peculiar 

*  Professor  Scacchi  himself  intends  soon  to  visit  Monte  Gtrgano  and  publish  a 
detailed  description  of  the  order  of  the  strata  and  their  fossils.  A  full  account  of 
this  promontory  will  form  a  beautiful  monograph. 
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coralline,  cavernous  limestone  with  Pectens,  Volutes,  Olivse,  Dentalia, 
a  large  Fusus,  Terebellum,  &c. ;  a  third  contains  Balani  and  Tur- 
binolise.  Now,  the  white  limestone  associated  with  this  group  is 
lithologically  a  true  "calcaire  grossier"  loaded  with  nummuHtes. 
Among  these  nummulites,  whatever  may  be  their  names,  M.  d'Ar- 
chiac,  who  has  examined  them  at  my  request,  has  declared  that  the 
four  species  to  which  he  assigns  them,  all  exist  in  the  Lower  Pyrenees. 
One  of  these,  the  N.  l^tvigata,  Lamk.,  occurs  also  in  the  London 
clay  at  Bracklesham,  in  the  lower  tertiary  of  Belgium,  and  in  the 
Vicentine ;  and  another  is  the  form  so  very  common  in  the  Alps, 
whether  it  be  termed  N.  planospira  (Boub.)  or  N,  assilinoides 
(Rut.)  ;  whilst  a  fourth  is  the  N.  granulosa  (D'Arch.)  of  Dax 
and  the  Pyrenees.  These  coincidences  leave  no  doubt  in  my  mind 
as  to  the  age  of  the  beds.  I  may  also  add,  that  in  no  one  of  the  nu- 
merous rock-specimens  I  examined,  is  there  an  example  of  a  nummu- 
lite  occurring  in  the  same  fragment  as  the  hippurites ;  and  in  fact  there 
is  also  a  clear  Uthological  distinction  between  the  hard,  compact  and 
flinty,  white  hippurite  limestone,  and  the  equally  white  but  coarse 
granular  limestone  with  nummulites. 

The  collections  of  Monte  Gargano  present,  indeed,  other  fossils  of  a 
much  younger  series  in  a  calcareous  tuff,  and  as  among  these  are  the 
Pecten  latissimus,  Panopaa  Faujasi,  and  other  well-known  sub- 
^pennine  shells,  the  existence  there  of  pliocene  deposits,  as  along  other 
p«urt8  of  the  shores  of  the  Mediterranean  and  Adriatic,  is  clearly 
marked. 

On  the  Miocene,  Pliocene,  and  Younger  Tertiary  Deposits  of  Italy, 

The  existence  of  deposits  of  miocene  and  pliocene  age  in  the  north 
of  Italy  has  been  long  established ;  but  geologists  have  not  sufficiently 
(Erected  attention  to  those  sections  in  the  peninsula,  which  best  in- 
dicate transitions  from  the  one  group  to  the  other.  In  the  first  place, 
therefore,  I  will  endeavour  to  show,  how  in  the  north  of  Italy  the 
oldest  miocene,  if  not  partly  eocene,  gradually  inosculates  and  passes 
up  into  the  overlying  subapennine  strata*.  I  have  indeed  already 
to  some  extent  illustrated  this  point  in  the  sections  of  Bassano  and 
Asolo(p.223),  and  have  said  that  M.  de  Zignowill  soon  have  collected, 
identified,  and  pubUshed  the  fossils  which  there  Ke  in  strata  inter- 
calated between  the  nummulitic  eocene  beneath  and  the  subapen- 
nine marls  and  conglomerates  above  them. 

The  region  to  which  I  first  invite  attention,  as  exhibiting  an  unin- 
terrupted succession  from  the  top  of  the  eocene  or  bottom  of  the 
miocene,  through  a  full  development  of  the  latter  up  into  the  most 
copious  accumulations  of  subapennine  or  pliocene,  is  that  group  of 
hifis  called  the  Monferrato,  which  ranges  itself  in  a  horse-shoe  form, 
as  defined  by  the  course  of  the  Po,  between  Turin  on  the  west  and 
Alexandria  on  the  east.     In  the  great  plain  occupied  by  coarse  drill 

*  The  reader  who  may  desire  to  see  the  extent  to  which  my  observations  and 
conclusions  agree  with  those  of  other  authors,  may  consult  Pareto's  Liguria  Ma- 
rittima,  Pilla's  Geologia,  Philippii  &c. 


Digitized  by  VjOOQIC 


284  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.      [DeC.  13, 

which  lies  between  the  northern  flexure  of  the  Po,  and  the  wall  of 
crystalline  and  eruptive  rocks  which  form  the  edge  of  the  Alps,  a  great 
group  of  true  cretaceous  and  older  eocene  formations  may  hare  for- 
merly existed  ;  but  of  these  no  traces  now  remain.  The  oldest  rocks 
visible  are  those  which,  on  the  right  bank  of  the  Po,  range  from 
Gassino  by  Casal  Borgone  and  the  hills  south  of  Yerrua  ;  in  other 
words,  they  form  the  northern  limit  or  escarpment  of  the  Monferrato. 
Amid  the  sandy  marls  which  there  abound,  certain  peculiar  and 
mottled  Umestones  protrude,  either  in  vertical  or  highly  inclined 
positions,  which,  because  they  seem  at  one  spot  to  have  a  certain  di- 
rection and  contain  nummulites,  have  been  described  as  ereiaeeous 
by  M.  CoUegno'*'  and  by  M.  Sismonda.  Since  those  authors  wrote, 
the  Marquis  Pareto  has  in  my  opinion  taken  the  true  view  of  the 
subject,  and  has  considered  these  beds  to  be  tertiary  and  intimately 
associated  with  the  miocene  of  the  Superga. 

Accompanied  by  the  two  excellent  palaeontologists  of  Turin,  Dr.  E. 
Sismonda  and  M.  Bellardi,  I  made  a  transverse  section  of  the  ridge  to 
the  east  of  the  ground  which  I  had  examined  twenty  vears  ago  in  com- 
pany with  Sir  C.  Lyell ;  and  a  simple  description  of  this  section  will 
1  hope  set  at  rest  the  question  as  to  the  ase  of  the  lowest  visible 
rocks  in  these  ridges,  and  also  indicate  a  gradual  transition  upwards 
into  younger  tertiary  strata.  In  ascendmg  the  hiU-side  from  the 
banks  of  Uie  Po  near  Grassino,  I  found  that  micaceous  marls  dip 
south,  and  afterwards  become  vertical  and  graduate  into  calcareous 
sandstone  locally  called  molasse.  After  passing  over  a  slope  obscured 
by  ve^tation,  other  sandy  marls  are  seen  to  reappear  at  a  higher 
level  m  vertical  positions,  and  enclosing  an  equally  vertical  band  of 
mottled,  small  concretionary  limestone  with  nummuHtes  (p  of  fig.  36), 
which  strikes  N.N.E.  and  S.S.W.  A  short  interval  is  occupied  by 
strata  of  green-grained  marlstone  with  some  imperfect  minute  plants, 
when  there  follows  another  and  much  stronger  band  of  about  12  feet 
thick  of  similarlv  mottled,  subconcretionary,  blue-hearted  Hmestone, 
which,  striking  from  W.S.W.  to  E.N.E.,  plunges  to  the  S.S.E.  at  an 
angle  of  from  50°  to  60°,  and  is  covered  by  impure  limestone  or  cal- 
careous sandstone.  Ascending  over  a  few  undulating  mounds  of  marl 
and  sandstone  (the  site  of  old  quarries  where  the  hmestone  has  been 
extracted),  the  same  band  of  mottled  limestone  is  met  with,  dipping 
at  a  high  angle  to  the  north. 

To  decide  upon  the  ase  of  this  hmestone  (g  of  fig.  36),  as  M.  Col- 
legno  has  attempted  to  do,  by  noting  the  direction  of  any  one  of  its 
broken  masses,  seems  to  me  futile.     Suffice  it  to  say,  that  the  chief 

*  M^moires  de  la  Soc.  G^l.  de  Fr.  vol.  ii.  p.  203.  M.  Collegno  hit  tlto  coloured 
ID  IS  creUceoas  the  whole  of  the  eastern  end  of  the  Monferrato  from  Verma  to 
Casale,  for  which  he  has  no  better  authority  than  the  occasional  reappearance  df 
the  Gassino  limestones,  sometimes  with,  sometimes  withoat  nnmmulites.  I  regret 
mach  that  I  had  not  time  to  explore  the  eastern  part  of  the  Monferrato,  in  which 
M.  Collegno  lays  down  a  much  broader  mass  of  what  he  calls  cretaceous ;  for 
judging  from  all  other  analogies,  and  even  from  what  he  writes  himself,  1  ha?e 
little  doubt  that  downward  passages  there  exist  into  the  true  eocene  or  equivalent 
of  the  flysch  of  the  Alps ;  soch  rocks  being,  in  fact,  a  part  of  the  cretaceous  group 
of  that  author. 
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mass  of  marls  and  sands  strikes  W.^.W.  and  E.N.E., 
and  that  such  is  also  the  strike  of  the  principal  mass 
of  the  mottled  nummulitic  limestone,  and  of  the  grand 
masses  of  conglomerate,  sand  and  marl  which  consti- 
tute the  higher  and  highly  inclined  miocene  strata  in 
the  ridges  of  the  Superga  and  Monferrato. 

The  nummulitic  hmestone  {ff*)  may  he  considered 
as  an  irregular  axis,  which  throws  off  partially  a  few 
younger  and  broken  beds  to  the  north,  that  form  the 
gypseous  and  other  hillocks  on  the  bimks  of  the  Po, 
and  pass  under  the  pliocene  strata  of  Yerrua  and 
Crescentino  ;  whilst  it  is  manifestly  succeeded  on  the 
south  by  the  whole  ascending  series  of  the  Superga 
and  Monferrato. 

It  is  also  equally  clear  that  this  nummulitic  rock 
is  truly  tertiary,  if  we  judge  from  the  other  fossils 
associated  with  the  Nummulina  placentula  (Desh.). 
Thus,  the  terebratula  on  which  Collegno  reckoned  as  a 
proof  of  cretaceous  age,  is  now  known  to  be  a  common 
species  of  the  older  tertiary  of  this  tract.  In  this  very 
limestone  we  found  the  great  oyster,  O.  gigantea^ 
fragments  of  pectens  and  corals,  and  above  all  the 
tooth  of  a  fish  {Oxyrhina  Desoriy  Ag.),  all  well-known 
tertiary  forms.  Again,  in  the  sandy  beds,  absolutely 
resting  on  those  dislocated  limestones,  the  Pecten  Bur^ 
digalensis  with  Pectunculi  and  Turbinolifie  occur,  and 
there  is  therefore  no  sort  of  doubt  of  the  age  of  the 
rock. 

I  was  much  struck  with  the  resemblance  of  the 
mottled,  concretionary  and  coralline  limestone  of  Gas- 
sino  to  the  rock  of  Castel-Cucco  between  Asolo  and 
Possagno,  which  is  also  the  uppermost  limit  of  num- 
mulites  (p.  222).  I  therefore  consider,  that  in  con- 
necting the  nummulitic  base  of  the  section  of  the 
Superga  with  a  well-known  band  in  the  clear  succession 
on  the  flanks  of  the  Venetian  Alps,  I  establish  a  con- 
necting link  between  the  eocene  deposits  of  the  Alps 
and  the  miocene  of  northern  Italy. 

In  traversing  southwards  to  Bardassan,  across  the 
ridges  of  conglomerate,  both  coarse  and  fine  (A),  which 
occupy  the  chief  summits,  and  separate  the  valleys 
excavated  in  the  softer  marl  or  sandy  shale,  I  had 
little  to  observe  that  is  not  already  known  ;  for  these 
elevations  and  depressions  are  the  direct  eastern  pro- 
longations of  the  miocene  of  the  Superga ;  but  in 
descending  from  the  hills  to  the  south  by  Castel  Mont- 
alto  to  the  plain  of  Chieri,  the  development  of  the 
strata  and  the  gradual  change  from  the  miocene  into 
the  pliocene  type  is  too  remarkable  not  to  be  specially 
noticed.     On  the  south  slope  of  the  hill  of  Bardassan 
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the  coarse  conglomerates  have  entirely  disappeared,  and  are  sac- 
ceeded  by  sand,  marlstone  and  marl  (t),  in  which  are  forms  of 
Cerithium,  Cardium,  Vermetus,  &c.  These  are  foUowed  by  sand- 
stone (j)  and  impure  calcareous  concretions,  which  as  you  approach 
Castel  Montalto  alternate  with  finely  laminated  shale.  In  <dl  this 
space  (not  less  than  two  English  miles),  the  strata  dip  at  20^  to  25° 
to  the  south,  and  certain  subapennine  shells  occur,  such  as  the 
Lucina  Astensis  (a  well-known  species  of  the  hills  of  Asti,  which 
we  found  near  Bardassan),  associated  with  the  Cleodora  obtusa  and 
Bingicula  Bonelli  of  the  Superga ;  thus  already  proving  an  inter- 
mixture of  species  which  autnors  may  cite,  some  as  miocene,  others 
as  pliocene. 

Pursuing  the  ascending  section,  and  leaving  behind  all  the  true 
miocene  sandstones,  we  come  into  marls,  shale  and  marlstone,  oflen 
white,  which  are  overlaid  by  other  marls  descending  under  the  yellow 
sands  of  Chieri.  These  last-mentioned  marls  (^),  which  are  usually 
considered  subapennine  and  are  covered  by  sands  (/),  charged  with 
the  youngest  known  shells  of  the  group,  contain  the  following  species, 
as  named  for  me  by  Dr.  £.  Sismonda : — 


Turbinolia  daodecirocostata,  Go^f.^  P. 
Terebratula  DeBnchi,  Mich.,  M. 
Ostrea  cochlear,  Polij  P.M. 
Pecten  cristatus,  Brtmn,  P. 
Nucula  concava,  Brown. 

interrupta,  Nytt, 

Nicobarica,  Lk^  P. 

placentina,  LA.,  P.M. 

rostrata,  Lk. 
Limopsis  aurita,  Sam,  M. 
Area  dilnvii,  Ue,,  M. 
Lncina  Astensb,  Bon,,  M. 

spuria,  De8h,,  P.M. 

transversa,  Bronn,  P. 
Venus  altemans,  E.  SiinuL,  P. 
Erycina  complanata,  RecL 
Bornia  seminulum,  Phil. 
Dentalium  circinnatum,  Sow, 

coarctatum,  Ut.,  M. 

fossile,  Lttm^t  M. 

inaequale,  Bronn,  M. 

pseudo-entalis,  Lk,,  M. 

rectum,  Linn,,  M. 

sexangulare,  Lit,,  M. 
Cerithium  vulgatum,  Brug,,  P.M. 

inflatum,  BelL,  M. 
Nassa  costulata,  Ren.,  M. 

semistriata,  Br,,  P. 

serrata,  Br.,  P. 
Bucdnum  polygonum,  Br.,  P.M. 
Cassidaria  echinophora,  Lk,,  P.M.        ' 
Cassis  texta,  Brorm,  P.M. 

variabilis,  Bell,  et  Mich,,  M. 
Cancellaria  Bonelli,  Bell,,  M. 

calcarata,  Br. 

lyrata,  Br.,  M. 

mitTOfarmis,  Br, 


Cancellaria  varicosa,  Br.,  P.M. 
Pleurotoma  brevirostris,  M. 

cataphracta,  Br,,  M. 

Coquandi,  BelL 

denticula,  BomL,  M. 

dimidiata,  Br,,  M. 

intermedia,  Bronn,  M. 

intorta,  Br.,  M. 

monilis,  Br,,  M. 

obtusangula,  Br.,  M. 

rotata,  Br,,  P.M. 

turricula,  Br,,  P.M. 

turritelloides,  BelL 

Roehetts,  Bell, 
Raphitoma  harpula,  Bell,,  M. 

plicatella,  BelL,  M. 

vulpecula,  BeUi,  P.M. 

columne,  BelL 

textilis,  BelL,  M. 
Ficula  ficoides,  E,  Siemd, 
Fusus  aduncut,  Bronn,  M. 

angulosus,  R  Sigmd.,  P.M. 

crispus,  Bore.,  M. 

lamellosus,  Bore,,  M. 

longiroster,  Br,,  M. 

mitraeformis,  Br.,  M. 
Triton  Apenninicum,  Bronn,  M. 
Eanella  marginata,  Sow,,  P.M. 

reticularis,  E,  Siemd.,  P.M. 
Murex  craticnlatus,  Br.,  P. 

fiiniculosus,  Bon, 

fusulus,  Br.,  M. 

Lassaignei,  Graf.,  M. 

polymorphus,  Br,,  P.M. 

spinicosta,  Bronn,  M. 
Typhis  fistulosus,  Mich,,  M. 
Columbella  nasioides,  Bell.,  M. 
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Colnmbella  thiara,  Bon.,  M.  Neriia  proteus,  Am.,  M. 

turgidula,  BelL^  M.  Natica  helicina,  Br,t  P.M. 
Mitra  scrobiculata,  Br.,  M.  psendo-epiglottina,  E.  Sismd,,  M. 

pyramidella,  Br.  millepunctata,  L.,  P.M. 

Conns  antediloYianus,  Brug.,  M.  Ringicala  Bonelli,  Desk.,  M. 

bisolcatus,  BeiL  et  MieL^  P.  bnccinea,  Dtah.,  M. 

Brocchii,  Brmm,  P.  striata,  E,  SUmd.,  M. 

Cbenopus  pes-gracoli,  PAt/.,  M.  Turritella  sobangulata,  Br.,  M. 
Tarbo  fimbriatus,  Brtmn^  M.  varicosa,  Br, 

Solarium  moDilifernni,  Bnmn.  Bulla  unipUcata,  BeHf  M. 
Phorus  testigerus,  Broim,  M. 

As  the  ascendinff  series,  in  which  intennixture  takes  place,  is  of 
considerable  dimensions,  and  as  even  close  to  Chieri  we  still  meet  with 
a  ereat  number  of  Superga  species,  it  is  evident  that  a  considerable 
thickness  of  beds  may  be  classed  either  as  miocene  or  pliocene, 
according  to  the  forms  which  the  observer  maj  happen  to  meet  with. 
Amidst  the  species  collected  from  these  blue  marls,  which  are  geolo- 
Really  subapennine  (Castelnuovo  and  Pino),  those  marked  M.  exist 
m  the  miocene  of  the  Superga ;  those  marked  P.  are  exclusively  plio- 
cene ;  and  the  individuals  with  the  affix  P.M.  are  common  to  the 
Superga  and  the  true  pliocene.  Out  of  the  95  species,  then,  found 
in  this  one  zone  of  blue  marl,  16  are  peculiar  to  it,  52  are  known  in 
the  miocene,  10  in  the  pliocene,  and  17  are  common  to  the  two  for- 
mations. 

The  citation  of  this  important  fact  teaches  us,  that  the  more  closely 
the  artificial  limits  of  what  geologists  call  formations  are  worked  out, 
the  more  impossible  will  it  be  to  draw  fixed  lines  between  natural 
groups  of  strata  which,  like  these,  have  succeeded  to  each  other 
without  physical  disturbances.  At  all  events,  wherever  the  different 
members  of  the  same  ^stem  so  graduate  into  each  other  strati- 
graphically,  mineralogically,  and  zoologically,  the  tints  of  colour  by 
which  they  are  chan^rized  in  a  map  should  also  be  blended  along 
such  mixed  frontiers. 

In  passing  from  the  sandy  beds  in  question  by  Castel  Montalto  to 
Pino  and  Chieri  (the  angle  of  inclination  diminishing  as  we  recede 
from  the  higher  ground),  the  masses  of  which  we  have  been  speakine 
are  conformably  overlaid  by  a  great  thickness  of  yellow  sands  with 
some  inosculating  marls,  which  constitute  the  true  subapennine  beds 
of  the  Astesan,  so  weU  known  to  geologists  through  the  works  of 
Brocdii  and  others.  In  these  uppermost  beds  nearly  all  traces  of 
anjTthing  purely  miocene  have  disi^peared,  and  we  are  immersed  in 
that  same  type  of  shells  with  Panop€Ea  Faujasi,  &c.  which  at  St. 
Gallen  and  otner  places  characterizes  the  marine  molasse  of  Switzer- 
land (see  anUy  p.  230)  *.  I  specially,  then,  caution  geologists  against 
employing  that  term  in  a  sense  which  is  to  convey  an  idea  of  age,  for 
as  used  at  Turin  the  word  molasse  is  exclusively  applied  to  the  strata 
of  true  miocene  age,  whilst  in  Switzerland  the  greater  part  of  it  is 
pliocene.    Again,  the  pUocene  deposits  in  Switzerland  are  hard  sand- 

*  This  miocene  is  laid  down  in  Collegno's  map,  but  in  my  opinion,  as  above 
explained,  a  g;reat  error  prevails  in  that  part  of  it  which  represents  the  eastern 
portion  of  the  Monferrato  as  cretaceous. 

x2 


Digitized  by  VjOOQIC 


288  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.     [DeC.  15, 

stones  and  conglomerates,  whilst  in  Italy  they  are  soft  maris  and 
sands. 

The  true  pliocene  deposits  of  Asti  occupy  a  broad  troueh,  watered 
by  the  rivers  Tanaro  and  Bormida,  on  the  southern  side  of  which  rise 
up  Uiose  micaceous  and  often  greenish  sandstones  of  miocene  age, 
so  largely  displayed  in  Piedmont.  On  a  former  occasion  (1828)  I 
traTcrsea  a  large  breadth  of  these  between  SaTona  and  Acqui  in  ihe 
company  of  Sir  C.  Lyell,  and  in  my  last  visit  I  examined  them  in 
travelling  to  Genoa  from  Alexandria.  Between  Gavi  and  Arquata, 
they  have  all  the  characters  of  a  regenerated  madgno,  and  at  Ser- 
ravalle  and  Lieurosa  rise  up  from  beneath  the  subapennine  maris 
and  sands  in  highly  inclined  sandstones  and  marls,  underlaid  hj 
powerful  bands  of  conglomerate  that  dip  40®  to  the  N.  or  N.N.W. 
In  this  manner  we  reach  the  opposite  or  southern  side  of  the 
ffreat  tertiary  trough  of  the  Astesan,  and  are  again  in  the  equiva- 
knts  of  the  Superga  conglomerate.  I  could  discover,  however,  no 
course  of  underlying  nummuhtic  limestone  similar  to  that  of  Gassino. 
At  the  same  time  it  must  be  stated,  that  the  system  of  macigno  and 
alberese,  which  is  considered  by  Pareto  to  be  the  equivalent  of  the 
nummuhtic  group  (?),  succeeds  near  Ronco,  dipping  at  a  high  angle 
under  the  whole  of  the  conglomerate  and  miocene  series  of  Piedmont. 
I  cannot  positively  say  whether  these  underlying  beds  of  flagstone  and 
macigno  on  the  south  side  of  the  basin  are  conformable  to  the  over- 
lying miocene  series,  but  in  a  rapid  survey  they  seemed  to  me  to  be 
so,  and  also  to  be  in  a  much  less  crystallized  and  altered  state  than 
in  the  environs  of  Genoa. 

The  miocene  of  Piedmont  contains  the  coal  deposits  of  Caddibuona  *, 
so  long  known  and  so  often  described,  on  account  of  the  remains  of 
the  Anthracotheria  associated  with  lacustrine  and  fluviatile  fossils ; 
and  as  we  travel  down  into  the  peninsula  similar  examples  are  met 
with.  The  interstratification  of  freshwater  or  estuary  beds  (containing 
Melanopsis,  Melania  and  Neritina)  with  marine  tertiary  strata,  has 
been  pomted  out  as  occurring  in  several  parts  of  the  norm  of  Italy  by 
the  Marcpis  Paretof.  Near  Siena,  as  will  presently  appear,  such 
beds  manifestly  inosculate  with  the  upper  strata  of  subapennine  aee ; 
whilst  in  the  environs  of  Tortona  they  seem  (judging  from  that 
author's  section  and  description)  to  he  low  in  what  must  be  defined 
as  the  true  pUocene  formation.  The  fact,  however,  is,  that  as  some 
of  the  acknowledged  miocene  strata  of  the  peninsula  are  of  ter- 
restrial and  freshwater  character  (Caddibuona,  Monte  Massi  and 
Monte  Bamboli  in  the  Maremma,  &c.),  there  can  be  Uttle  doubt, 
that  the  more  observation  is  extended,  the  more  evidences  shall  we 
find  of  such  local  freshwater  intercalations  throughout  the  tertiary 
series  in  many  parts  of  Italy. 

*  I  visited  this  place  with  Sir  C.  Lyell,  in  pacing  from  Savona  to  Acqui.  Its 
powerful  conglomerates  are  possibly  of  the  same  age  as  those  of  the  Superga  (see 
Lyell's  Principles  of  Geology,  Ist  edition,  voL  iii.  p.  221,  woodcut  No.  55,  and 
4th  ed.  id.  vol.  iv.  p.  152). 

t  See  the  Marquis  Pareto's  memoir,  read  at  the  Scientific  Congress  of  Turin, 
1844,  entitled  **  Sopra  alcune  altematiTc  di  strati  marini  e  flufiatili  net  ierreni  di 
sedimento  superiore  del  Colli  SnbapenninL" 


Digitized  by  VjOOQIC 


1848.]        MURCHISON  ON  THE  STRUCTURE  OF  THE  ALPS.  289 

At  Canniparola,  on  the  west  side  of  the  valley  of  the  Magra  near 
Sanana,  coal  supposed  to  be  of  miocene  age  has  been  worked  in  several 
seams,  and  is  associated  with  many  plants  of  dicotyledonous  structure. 
These  works  are  now  abandoned.  On  exploring  the  natural  out- 
crop of  the  mineral,  on  the  sides  of  the  torrent  called  La  Girona,  I 
perceived  that  the  coal  seams  subordinate  to  shale  with  plants,  re- 
posed, in  highly  inclined  strata  dipping  to  the  west,  on  shale  with 
calcareous  nodules.  The  latter  passes  downwards  into  a  soft  macigno 
or  finely  micaceous  sandstone,  and  from  that  into  dark-coloured  and 
party-coloured  schists  and  marlstone  with  conchoidal  fracture.  Below 
these  there  appeared  to  me  to  be  a  transition  into  true  hard  and  older 
madmo  with  white  veins,  the  inclination  increasing  to  verticality  with 
the  dope  of  the  mountain  sides.  These  beds  being  partially  dislo- 
cated, strike  both  a  Uttle  to  the  west  and  a  Uttle  to  the  east  of  north ; 
but  the  main  direction  is  north  and  by  west,  and  south  and  by  east, 
or  parallel  to  the  chief  ridge  of  the  Apuan  Alps,  from  which  they 
are  separated  by  a  vast  mass  of  underlving  macigno.  On  the  other 
hand,  the  coal  strata  are  surmounted  by  ochreous  sandy  conglome- 
rates, which  being  fiurther  removed  from  the  axis  of  elevation,  dip 
down  to  the  vale  of  the  Massa  at  a  less  inclination,  and  are  lost  in 
alluvial  accumulations. 

A  traverse  of  the  Apennines  from  Bologna  to  Florence  exhibits,  on 
the  flanks  of  the  chain  near  the  former  city,  blue  marl  and  sand  of  sub« 
apennine  age,  reposing  on  micaceous  sandistone. 

These  masses,  thus  exposed  in  a  low  anticlinal  on  this  outer  parallel, 
are  better  seen  on  the  high  road  as  you  pass  by  Pianura  to  Lojano, 
arranged  in  an  elevated  trough,  near  the  north-western  side  of  which 
courses  of  lignite  (1)  are  surmounted  by  nodular  strata  and  sheUy 
blue  marls,  and  these  by  the  sands  and  white  marls  on  which  Pianura 
stands.  Above  these  come  other  sandy  marls  with  large  nodules 
of  dark  grey,  micaceous,  ferruginous  marlstone,  in  which  I  found 
many  Cardia,  Pectunculi,  Nuculee  and  Venericardise.  These  shelly 
beds,  overlaid  by  a  vast  thickness  of  blue  marl  (2),  and  covered  by 
yellow  and  white  conglomerates  and  sands  (3),  are  clearly  the  sub- 
apennine  group  of  Brocchi,  which,  after  dipping  for  a  certain  distance 
to  the  west,  are  bent  up  in  a  trough.  From  the  summits  of  the  con- 
glomerate hills  near  Lojano,  the  £p  being  reversed,  or  to  the  N.E., 
the  subapennine  group  is  supported  on  the  other  side  of  the  basin  by 
nodular  strata,  together  with  a  system  of  soil  micaceous  sandstones  and 
pebbly  conglomerates  of  considerable  thickness,  which  alternate  with 
certain  shaly  marls  and  greenish  sandstones.  These  lower,  undulating 
sandstones  and  conglomerates  with  marls,  &c.  most  clearly  represent 
the  Supei^  series  (A  of  fie.  36),  and  are  of  miocene  age.  In  tne  con- 
struction, therefore,  of  a  detailed  geological  map,  this  portion  of  the 
east  flank  of  the  Apennines  might  be  shown  to  exhibit  two  axes  or 
undulations  of  miocenic  sandstoues  and  conglomerates,  troughing  be- 
tween them  a  mass  of  true  subapennine  beds,  and  again  throwing  off 
the  upper  beds  towards  the  low  country.  At  Lojano,  the  second  post 
from  Bologna  (as  it  appeared  to  me  in  a  rapid  survey),  the  miocene 
conglomerates  are  cut  off  by  a  longitudinal  fault  from  the  macigno. 
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^.  .  which  succeeds  to  the  west :  for  the  latter  is  only 

S  §  slightly  inclined  to  the  east,  and  is  a  hard,  micar 

I  ceous,  true  macigno  sandstone,  which,  flaglike 

^  near  the  surface,  passes  down  into  thick  heds. 

This  rock,  receiving  its  peculiar  tint  from  nu- 
merous minute  fragments  of  hlack  schist,  is  un- 
distinguishable  from  the  macignp  alpin  or  flysch 
of  the  Alps.  It  occurs,  in  fact,  on  the  western 
edge  of  those  great  undulations  of  alberese,  and 
other  limestones,  which,  perforated  by  serpentine 
at  Monte  Berid  and  Sasso  di  Castro  near  Coti- 
gliajo,  form  the  chief  mass  of  that  group  already 
spoken  of,  whose  geological  equiTalents  in  the 
absence  of  fossils  it  is  so  difficult  to  define. 

Thus,  whilst  the  Bolognese  Apennines  expose 

an  intimate  connection  between  the  miooene  and 

pliocene  groups,  they  afford,  as  far  as  I  saw,  no 

i      mdications  of  an  unbroken  succession  from  the 

I      macigno  to  the  overl;pig  miooene.    It  appeared, 

^      inde^,  to  me,  that  in  descending  towards  Flo- 

I      rence  by  Campo  Santo  and  Crespiano,  a  conglo- 

I      merate  {probably  miocene)  was  there  also  adherent 

1.      to  the  sides  of  the  mountains  of  older  date ;  but 

^  I  i  ^  ^^  portion  of  Tuscany  the  union  between  the 

*  -^"1  miocene  and  pliocene,  as  above  described,   is 

pS  I    I  wanting. 

3    '       The  picturesque  hills  around  Lari,  on  the  south 

1    I  side  of  the  Amo  near  Pisa,  which  I  visited  with 

I    I  Professor  PiUa,  are  for  the  most  part  composed 

3    I  of  subapennine  blue  marl,  loaded  with  shells  and 

I    -g)  covered  by  yellow  sands  ;  the  Oatrea  hippopuM, 

l^g  8  Peeten  laticoatatvs,  and  large  Panapaa  Faujasi 

^  1 1  lying  about  in  abundance.     The  villages  stand 

I  J. 2  on  insulated  points  of  the  overlying  sands  or 

''.^^  sandy  marls,  the  remnants  of  former  great  de- 

''^^  nudations,  aU  the  strata  being  horizontal.    These 

elevated  sandy  and  loamy  points  are  rich  and 

fertile,  whilst  the  denuded  argillaceous  marls  of 

the  valleys  are  sterile ; — ^physical  features  which 

so  prevail  in  vast  tertiary  tracts  throughout  Italy, 

that  the  agricultural  characters  alone  are  there 

sufficient  to  indicate  the  age  of  the  strata.    Near 

Casciano,  however,  to  the  south  of  Lari,  as  well 

seen  in  the  quarries  of  S^  Frediana,  other  and 

lower  sandstones  of  harder  character,  rise  out 

abruptly  from  beneath  the  subapennine  cover, 

and  form  broken  and  undulating  domes.     These 

beds  contain  highly  ornamented  small  Echini, 

H  small  Ostrese,  and  other  shells,  together  with 

fishes*  teeth  and  palates,  unknown  in  the  overlying 
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fonnation.  The  strata  are  specially  characterized  by  as  oft,  cal- 
careous yellow  sandstone,  arranged  in  large  concretionary  shapes, 
which  here  and  there  passes  into  limestone  and  calc  gnt,  but  in 
many  parts  disint^rates  into  fine  yellow  sand,  in  which  cayems  haye 
been  excayated.  It  is  this  rock  which  has  afforded  the  numerous 
Lenticulites  and  other  foraminifera  described  in  the  works  of  Sol- 
dani  and  Targioni-Tozzetti.  They  are  accompanied  by  a  yery  minute 
Terebratula,  to  which  M.  Pilla  particularly  directed  my  attention, 
and  which  at  first  sight  had  much  the  aspect  of  forms  known  only 
in  palaeozoic  rocks'*'. 

There  can  be  no  doubt  that  the  foraminiferous  rock  of  S**  Frediana 
is  of  miocene  age,  but  as  it  has  here  been  brought  up  through  the 
subapennine  strata,  along  one  of  those  lines  of  finacture  so  common 
in  the  adjacent  region  of  the  Maremma,  we  naturally  miss  the  links, 
steatigraphical  and  zoological,  which  connect  the  miocene  and  plio- 
cene in  the  Monferrato  of  Turin  and  in  the  Lower  Apennines  of 
Bologna. 

Further  southward,  and  in  entering  the  Tuscan  Maremma,  rocks 
of  this  miocene  age  re-occur,  oyerlying  the  riches  of  alberese  and 
macigno  which  there  rise  up,  and  in  one  place,  Botro  di  Laspa  near 
Pomaja,  i,  e,  in  the  direct  road  from  Pisa  to  the  Maremma,  con- 
tain the  same  small  Terebratula  as  at  Frediana.  I  examined  the 
fianks  of  the  lateral  yalley  through  which  that  route  passes,  and 
where  the  miocene  contains  large  masses  of  gypsum.  Trayersing  the 
hills  from  Castellini  to  the  copper-mines  of  Monte  Catinif,  I  thence 
made  an  excursion  into  the  heart  of  the  Tuscan  Maremma  to  explore 
the  relations  of  the  coal  beds  of  that  tract  which  haye  been  so  largely 
opened  out,  and  would,  doubtless,  haye  been  rendered  useful,  had  not 
reyolutionary  agitation  checked  all  pubUc  and  priyate  expenditure. 

*  See  "  Osseryazioni  sopra  V  tik  della  pietra  lenticolare  di  Casdano  nelle  colline 
Piaane,  di  Leopoldo  Pilla.  In  this  notice,  published  after  a  joint  examination 
which  I  made  with  him.  Professor  Pilla  corrects  a  first  sketch,  in  which  he  had 
considered  this  lenticular  limestone  as  of  subapennine  age,  and  shows  that  at  S^* 
Frediana  and  Parlascio  it  constituted  islets  or  reefs  of  rock  of  miocene  age  in  a 
sea  of  subapennine  age.  The  corals,  Lenticulites,  Echini,  Terebratuls,  &c.,  are 
supposed  to  be  miocenic,  whilst  certain  Ostreae  and  Pectens  are  presumed  to  be 
phocenic.  It  does  not,  however,  appear  that  the  latter  are  identical  with  known 
subapennine  species.  My  lamented  friend  Professor  Pilla  had  formed  an  opinion 
respecting  the  usual  horizontality  of  subapennine  strata,  as  contrasted  with  the 
inclination  of  all  beds  of  miocenic  age,  in  which  I  cannot  participate.  In  this 
case  I  beliere  that  the  oldest  tertiary  of  this  part  of  the  basin  has  been  heaved 
up  through  the  overlying  strata  on  lines  from  north  to  south ;  and  I  cannot  agree 
with  him,  that  these  older  masses  ever  formed  ancient  islets,  around  which  the 
younger  were  accumulated.  On  the  contrary,  I  am  convinced  that  here,  as  in 
the  Monferrato,  the  whole  submarine  tertiary  series  was  originally  deposited  suc- 
cessively and  without  a  break. 

t  At  Monte  Catini,  where  I  was  hospitably  received  by  Mr.  Sloane,  the  intelli- 
gent proprietor  of  the  mines,  and  in  other  places,  I  examined  the  serpentine, 
gabbro,  and  other  eruptive  or  unstratified  rocks,  into  the  consideration  of  which  I 
shall  not  enter  in  this  memoir,  the  object  of  which  points  exclusively  to  sedimen- 
tary succession.  The  chief  phaenomena  have  been  already  described  by  Mr.  W. 
Hamilton,  Joum.  Geo!.  Soc  London,  vol.  i.  p.  291,  and  have  been  copiously  dwelt 
upon  by  Savi,  Pilla,  and  others. 
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Micaceous  sandstoue,  which  I  believe  to  be  of  miocene  age,  with  traces 
of  stems  of  plants^  appears  in  the  conical  hillock  near  Monte  Catim ; 
but  the  strata  are  there  so  dislocated  in  their  relations  to  serpentine 
and  gabbro,  that  no  distinct  order  is  visible.  It  was  the  belief  of 
Professor  Pilla,  that  much  of  the  argillaceous  and  sterile  marl  of  the 
deep  denudations  around  Volterra,  particularly  the  lower  portion 
which  contains  large  masses  .of  g^rpsum  and  salt-springs,  is  also  of 
miocene  age.  Of  this  there  are  no  fossil  proofs  of  which  I  could 
hear.  It  is,  however,  certiun  that  the  thick  unfossiliferous  marls  are 
surmounted  by  others,  and  finally  by  yellow  sands  and  sandstone,  the 
"  panchina,"  on  which  stands  the  noble  ancient  city  of  Voltcrra. 
These  are  true  subapennine  beds  with  many  fossils ;  the  tombs  of  the 
Necropolis  being  excavated  in  the  sandy  "  panchina." 

Pomerancia,  to  the  south  of  Volterra,  is  placed  on  a  hi^h  plateaa 
of  shelly  tuff,  which  probably  pertains  to  the  upper  portion  of  the 
pliocene,  but  the  mountains  to  the  east  and  south  are  macigno  and 
alberese  (possibly  of  cretaceous  age  ?),  with  nuclei  of  still  older  rocks. 
Not  now  adverting  to  these  rocks,  or  to  the  hot  springs  issuing 
through  them  which  afford  the  boracic  acid''',  I  will  briefly  notice 
the  coal  deposits  of  Monte  Bamboli  and  Monte  Massi,  which  He  still 
further  to  the  southward.  These  deposits  are  described  by  Savi  and 
Pilla,  and  the  coal  has  been  analysed  by  Matteucci.  For  my  own 
part,  I  consider  them  to  be  of  about  the  same  age  (miocene)  as  the 
coal  of  Caddibuona  in  Piedmont  and  of  Fuveau  near  Toulon  in  the 
south  of  Francef. 

At  Monte  BamboH  the  coal-seams,  varying  from  eighteen  inches 
to  five  feet  and  inclined  about  30%  rest  on  earthv  and  broken  schists, 
which  are  so  nearly  in  contact  with  the  surface  of  the  so-called 
alberese  of  this  tract,  that  I  could  scarcely  divest  myself  of  the  idea 
that  the  one  had  succeeded  conformably  to  the  other ;  but  although 
the  upper  schists  or  galestri  of  the  alberese  appeared  to  graduate  into 
the  gritty  schist  and  the  latter  into  the  coal-seams,  the  whole  dip- 
ping to  the  W.S.W.,  I  was  subsequently  led  to  beheve,  from  the 
sections  at  Monte  Massi,  that  the  apparent  conformity  is  accidental. 
The  coal,  of  which  there  are  here  two  courses,  is  interlaced  with  a 
band  of  an  earthy,  shelly,  freshwater  limestone  with  mytili ;  and 
the  surface  of  the  coal-seams,  in  which  plants  and  shelis  occur  in 
a  schist  or  ''  bat,"  graduates  up  into  a  considerable  thickness  of  a 
thin,  fiat-bedded,  sandy,  impure  limestone,  which  is  followed^W  an 
indurated  clay  rock,  and  the  latter  by  a  coarse  conglomerate.  Whilst 
the  coal-beds*  dip  30°  S.W.  in  the  shafl  west  of  the  works,  th^  may 
be  observed  in  the  side  of  the  torrent  north  of  the  engine  to  roU  over 
to  the  N.N.E.,  and  in  one  spot  they  dip  70°.     In  these  dislocations 

*  Id  reference  to  the  various,  intensely  hot  springs  which  afford  the  bondc  aalt, 
I  will  only  here  8ay»  that  they  seemed  to  me  to  issue  from  fissures  having  a  direc- 
tion from  north  and  by  west  to  south  and  by  east,  and  that  these  parallel  linear 
outbursts  thus  seem  fiairly  to  represent  the  last  remnants  of  that  grand  sobter- 
ranean  evolution  of  heat  which  in  former  ages  has  so  affected  all  this  range  of  the 
Maremma. 

t  See  description  of  this  coal-field  by  Sir  C.  Lyell  and  myself,  Proc  Geol.  See 
▼ol.  i.  p.  158. 
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the  coal  seems  to  follow  all  the  accidents  and  undulations  of  the  sub- 
jacent, so-called  alberese,  limestone  on  which  it  rests.  Besides  mytiU 
and  plants,  the  tooth  of  a  pachyderm  has  been  found  in  this  tertiarj 
coal,  which  M.  Pomel  has  named  lotherium. 

The  other  accumulations  of  this  age  occupy  broken  troughs  through- 
oat  the  Tuscan  and  Roman  Maremma,  and  those  which  I  visited. 
He  to  the  south  of  the  rocky  village  of  Monte  Massi,  where  three 
shafts  have  been  opened  and  where  the  coal  is  much  developed  (see 
fig.  58).  Eruptive  rocks,  chiefly  of  serpentinous  character,  occupy 
the  summits,  and  on  one  of  these  the  grotesque  village  of  Monte 

If2S!  Fig.  38. 


N.N.E.    MaMi.  *  H5-  ^-  8.8.^. 


47        Debris.  1  S 

«.  Serpentine  breccia.  fS.  Sbale  and  coal. 

4, 7  Albereee.  Miocene.  <  S.  Mjtilua  limestone  and  coal. 

Li.  Miocene  conglomerates  and  coal. 


Massi  is  perched.  The  rock  is  here  a  serpentinous  breccia,  classed 
as  "  euphotide,"  which  throws  off  vertical  patches  of  alberese  {d)  on 
all  sides.  But  instead  of  the  short  interval  which  occurs  at  Monte 
BamboU  between  the  surface  of  the  alberese  and  the  coal,  we  have, 
first,  a  conglomerate  of  alberese,  secondly,  a  thick  mass  of  my  strati- 
fied shale  or  clay,  and  thirdly,  grits  and  small  pebbly  con^omerates, 
with  fragments  of  serpentine  (ophiohte  grit  of  Savi),  on  the  last-men- 
tioned of  which  the  lowest  bed  of  coal  reposes.  This  succession  is 
obvious  in  descending  from  Monte  Massi  to  the  banks  of  the  brook 
on  the  S.S.W.,  in  wluch  the  natural  outcrop  of  the  lower  coal  is  seen. 
Even  this  lower  coal  (1)  is  not  considered  the  same  as  that  of  Monte 
Bamboh ;  for  after  ascending  through  shale  and  grit,  &c.,  another 
seam  occurs  which  is  interlaced  with  and  surmounted  by  the  very  same 
ntytilus  limestone  as  that  of  Monte  BamboU  (2),  the  whole  dipping 
away  at  about  25^  to  S.S.W.  Then  follows  a  considerable  breaath  of 
a]^;illaceous  shale,  the  angle  of  inclination  decreasing  as  the  beds 
advance  into  that  broad  vaUey  which  terminates  in  the  mouth  of  the 
Ombrone  at  Grossetto.  Subordinate  to  this  shale  and  claystone  is 
the  third  or  great  seam  of  coal  ^3),  which  is  of  considerable  thick- 
ness, and  into  which  I  descended  by  the  new  pits.  Many  portions 
of  the  coal,  whether  judgins  from  the  eye  or  from  its  chemical  ana- 
lysis, differ  little  from  the  inferior  but  useful  quaUties  of  British  com- 
bustible of  the  palseozoic  age.  Unluckily,  however,  both  Monte  Massi 
and  Monte  BamboU  are  at  some  distance  from  the  seaboard,  and  no 
rail-  or  tram-roads  having  been  yet  constructed,  all  the  expenditure 
of  the  miners  wiU  be  thrown  away  if  pubUc  assistance  be  not  given 
to  them'^.  The  statistical  data  of  these  coal  tracts,  the  great  heat 
experienced  in  the  deep  shafts  at  Monte  Massi,  the  gases  (not  inflam- 

*  I  was  accompanied  to  these  tracts  by  M.  Caillaud,  the  principal  director  of  the 
Leghorn  Coal  Company,  and  by  M.  Petiot,  the  intelligent  French  engineer  who  has 
dimted  the  works. 
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mable)  therein,  and  other  points  of  great  interest,  most  now  be  ] 
over. 

If  a  geologist  examined  the  district  of  Monte  Bamboli  only,  he 
might  form  a  conclusion  that  the  beds  with  coal  at  once  succeeded  to 
the  alberese  limestone ;  but  at  Monte  Massi  he  sees  that  one  under- 
lying conglomerate  is  formed  out  of  that  rock,  and  that  another,  de- 
rived from  the  serpentines  associated  with  it,  forms  the  absolute  base 
and  support  of  this  capacious  and  very  remarkable  coal  tract,  which 
although  referred  to  the  miocene  age  and  clearly  subjacent  to  all  the 
lower  subapennine,  has  more  the  aspect  of  an  old  coal-field  than  any 
other  of  similar  date  with  which  I  am  acquainted*. 

I  do  not  pretend  to  be  able  satisfactorily  to  define  the  exact  limits 
and  relations  of  all  the  members  of  the  tertiary  accumulations  of  dif- 
ferent parts  of  Central  Italy.  In  the  southern  part  of  Tuscany  it  was, 
however,  clear  to  me,  in  a  traverse  which  I  made  from  Volterra  to 
Siena,  and  also  by  examining  the  deep  railroad  cuttings  to  the  north 
of  the  latter  city,  that  the  whole  of  the  pUocene  or  subapennine  series 
properly  so  called,  i.  e,  the  blue  shelly  marls  (1)  and  their  overlying 
yellow  sandstone  (panchina)  and  conglomerate  (2),  are  there  sur- 
mounted by  the  freshwater  limestone  (3),  which  occupies  plateaux 
between  Monte  Reggioni  and  Colle,  ana  in  a  deep  denudation  at  the 
latter  place  is  seen  to  rest  on  shelly  subapennine  strata,  as  expressed  in 
the  opposite  diagram  (fig.  39).  Near  Castello  St.  Geminiano  on  the 
west,  the  yellow  subapennine  sands  with  shells  rise  out  rapidly  from 
beneath  this  tufaceous  Hmestone  with  its  Lymnsese,  Planorbes  and 
other  shells,  and  at  Monte  Reggioni  on  the  east  a  similar  infiraposition 
is  equally  clear.  Towards  Siena  this  freshwater  formation  becomes 
a  massive  travertine,  and  constitutes  undulating  hills  of  hard  and 
tough  cavernous  rock ;  among  the  lower  masses  is  a  very  coarse  con- 
glomerate with  huge  angular  fragments  of  Apennine  Hmestone,  often 
two  and  three  feet  in  diameter.  The  strata  of  reddish  colours,  which 
are  cut  through  by  the  railroad  towards  the  source  of  the  Staggia,  are 
evidently  a  portion  of  this  same  irregularly  deposited  and  block  tra- 
vertine, the  whole  of  which  overhes  me  subapennine  group.  In  this 
tract  there  are  considerable  fractures,  and  wedge-shaped  masses  of 
the  shelly  blue  marl  are  here  and  there  forced  up  against  the  over- 
lying conglomerate  and  travertine. 

The  more  detailed  order  of  this  district,  which  cannot,  however, 
be  expressed  in  a  general  woodcut,  seemed  to  me  to  exhibit  in  a  de- 
scending series  beneath  the  vegetable  soil,  1st,  coarse  alluvia ;  2nd, 
finely  laminated  sandy  loam ;  3rd,  lacustrine  limestone  with  Lymneese 

*  For  details  respecting  these  coal  tracts  of  the  Tuscan  Maremma,  see  Professor 
SaTi*s  work,  "  Sopra  i  can>oni  fossili  dei  terreni  mioceni  delle  Maremme  Toscane, 
Pisa,  1843."  Among  the  fossils  he  cites  hones,  possibly  belonging  to  camiTora, 
and  teeth  of  rodentia,  MytUuf  Brardi  (Brongn.),  opercula  of  uniyalves,  and  imper- 
fect casts  which  may  belong  to  Bucdnam,  Fusus  and  Cardiacese.  The  character- 
istic plants  are  Palmacites,  a  Musacea  termed  Uraniophyllites  by  Prof.  Pietro 
Savi,  with  leaves  of  various  dicotyledons  (oak,  plane,  elder,  cornel),  cones  of 
pine,  &c.  Prof.  Pilla  has  also  described  these  tracts  in  a  memoir  entitled  *'  Sopra 
il  carbon  fossile  trovato  in  Maremma,"  Florence,  1843;  and  in  a  work  called 
"  Breve  Cenno  della  richezza  ralnerale  delle  Toscana,"  Pisa,  1845. 
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and  Planorbes,  based  upon  and  passing  into  a  coarse 
travertine,  with  calcareous  agglomerate  and  breccia ; 
4tb,  conglomerates  of  Apennine  limestone,  the  surfaces 
of  the  rounded  pebbles  being  often  covered  with  Bsr 
lani  and  Serpuke,  and  associated  with  yellow  sands 
i  containing  large  Ostreee  and  Pectens,  &c. ;  these 
k    graduate  down  into  calciferous  yellow  sandstone,  the 

I  ''panehina  *  "  building-stone  of  the  country,  with  con- 
^  cretions  of  calcareous  grit,  &c. ;  i)th,  blue  marls,  which 
g::^  are  much  richer  in  shells  in  their  upper  parts  only, 
d  I  where  they  graduate  into  the  yellow  sands. 
j^m  The  larger  and  lower  portion  of  these  marls  is,  in- 
fo deed,  throughout  large  tracts  as  sterile  in  organic 
^^  remains  as  it  is  in  its  agricultural  character.     The 

I I  desolate  region  between  Siena  and  Badicofani  is  en- 
I'v  tirely  composed  of  these  naked,  dull  grey  marls.  On 
Is  the  other  hand,  the  pebble  beds  and  incoherent  sand- 
ei^  stones  and  marls  on  which  Perugia  stands,  and  in 

i  which  her  ancient  Etruscan  tombs  were  excavated, 
I  are  probably  of  miocene  age.  At  all  events  they  re- 
J-  semble  the  Superga  series  in  mineral  aspect,  repose 
J  upon  macigno  and  alberese,  and  at  Ficullo,  between 
Perugia  and  Orvieto,  are  succeeded  by  unquestionable 
and  very  shelly  subapennine  strata. 

In  the  volcanic  regions  extending  from  Radicofani 
to  Rome,  there  are  no  evidences  of  any  stratum  older 
than  the  blue  subapennine  marl.     To  find  the  equi- 
valents of  miocene  deposits  in  the  southern  parts  of 
the  Papal  States,  we  must  either  travel  eastwards  into 
I   the  valleys  of  the  Apennines,  or,  passing  the  axis,  ex- 
[  plore  the  rich  deposits  of  that  age  with  plants  and 
I   shelb  which  await  the  geologist,  who  will  work  out 
I   the  data  of  which  M.  Orsini  and  Count  A.  Spada 
[  have  given  a  sketch. 

I  Not  intending  now  to  enter  upon  the  consideration 
j  of  the  volcanic  dejections  of  the  Papal  or  Neapolitan 
j  States  t,  I  would  however  say  a  very  few  words  to  show 
!  the  connection  which  exists  between  the  subapennine 
I   strata  that  crop  out  at  Rome  and  their  associated 

•  rocks,  and  thus  indicate  generally  the  succession  of 

*  geological  phsenomena  in  the  environs  of  the  ancient 

*  Although  applied  to  rocks  of  pliocene  age  at  Siena  and 
Volterra,  the  term  "  panchina  "  is  used  at  Leghorn  in  reference 
to  a  marine  tufa  or  shore  deposit,  covered  by  red  earth,  which 
is  younger,  and  probably  of  the  same  age  as  the  overlying  tra- 
vertines (3)  of  Siena  and  Colle. 
t  Monsignore  Medici  Spada  and  Professor  Ponzi  prepared 
r^-^  «  i,  "*  presented  to  me  a  map  of  the  volcanic  dejections  of  La- 
y<^^,  gc  tium,  which  they  regard  as  terrestrial,  in  contrast  with  the  sub- 
'j>;^-'J  I  aqueous  formations  of  the  Caropagna.  They  have  indeed  pub- 
^  -'^  lished  a  general  section,  *•  Profilo  tcoretico  dci  terreni  della 
Campagna  di  Roma." 
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mistress  of  the  world.  The  oldest  beds  yisible  (and  these  onlj  in 
deep  denudations  to  the  north  and  west  of  St.  Peter's  and  the 
Vatican,  and  at  the  foot  of  the  Monte  Mario*)  are  the  blue  shell j 
marls  or  clay,  largely  excavated  for  brick-earth.  These  are  followea 
by  sandstone,  occasionally  calcareous  ("  panchina"  of  Tuscany), 
by  yellow  sands,  and  finally  by  pebble-beds,  the  materials  of  which 
have  nearly  all  been  derived  from  the  Apennine  limestone.  This 
is  the  subapennine  shelly  group  of  Brocchi,  and  in  reference  to  its 
fossils  I  may  state,  that  although  many  forms  are  common  to  the 
lower  and  upper  beds,  which  are  so  strikingly  distinguished  horn 
each  other  in  uthologiod  aspect,  there  are  certain  species,  such  as  the 
Cleodora  lanceolata  and  C.  Fatieani,  which  pertain  to  the  inferior 
blue  marls  only,  and  are  never  found  in  the  overlying  yellow  sands. 
It  may  also  be  mentioned,  that  here,  as  at  Siena,  the  greatest  number 
of  sheUs  are  found  in  the  beds  of  junction  of  the  two  divisions. 

The  order  in  which  the  blue  marls  (the  oldest  stratum  of  the  di* 
strict)  are  overlaid  by  yellow  sandstones  and  pebble-beds,  and  the 
manner  in  which  the  latter  were  first  associated  with  and  next  covered 
over  by  volcanic  materials  and  then  elevated  into  land,  and  what 
chan^  the  surface  subsequently  underwent,  I  would  attempt  to 
explam  in  this  general  woodcut,  fig.  40.     On  the  flanks  of  Monte 

Fig- 40.  2SS1&1 


1 

Modem 0.  AUuvium  of  ancient  Talley  of  the  "nber. 

Pott-pliocene.  . .  6.  Resenented  pebble  beds,  grarel  and  tnTertine. 

(  4.  VolaHuc  tuff  (nuMSTe). 
Subapennine  or  J  8.  Pebble  beds  sands  and  volcanic  tuff. 
Pliocene . . . .  ]  S.  Yellow  aamb,  panchina,  Ac 

Ll.  Shelly  blue  maris  (brick  earth). 

Mario,  good  evidences  exist  of  the  superposition  to  the  blue  marls  (1) 
of  the  yellow  calciferous  sandstones  and  sands  (2).  In  mounting  to 
the  overlying  pebbly  beds  (3)  we  see  the  first  commencement  of  sub- 
marine volcanic  action  in  dejections  of  finely  laminated  peperino  and 
tuff,  which  are  dovetailed  mto  the  uppermost  of  the  subapennine 
strata.  Then  follow  those  tuffs,  pepennos  and  other  volcanic  rocks  of 
the  Campaffua,  which  were  so  extensively  spread  out  under  a  former 
sea,  and  of  which  the  hills  of  Rome  and  the  ViUa  Borghese  afford 
examples  and  varieties  (4).  These  are,  in  fact,  the  submarine  accu- 
mulations which  terminated  the  subapennine  period. 

After  such  masses  had  been  raised  into  land,  and  when  the  vaUey 
of  the  Tiber  became  in  the  first  instance  either  a  lake  or  a  broad 
river,  detrital  accumulations  were,  it  would  appear,  formed  out  of  the 
materials  both  of  the  pliocene  strata  (1  &  2)  and  also  of  all  the  sub- 
aqueous volcanic  dejections  (3  &  4)  whidi  had  overspread  them. 
The  materials  of  the  ancient  gravel  above  Ponte  MoUe  decide  thb 

*  It  would  appear  that  a  good  many  species  of  tbelli  have  beeu  detected  at 
Villa  Madama,  the  Vatican  and  other  localities  since  Brocchi  wrote.  It  is  not  mj 
province  to  enter  into  these  details. 
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point.  Such  terrestrial  deposits,  antecedent  however  to  our  own  sera, 
there  form  low  hillocks  of  gravel  and  sand,  including  fragments  of 
the  suhmarine  volcanic  rocks  (4),  and  also  a  hand  of  travertine.  It 
is  in  these  accumulations  that  numerous  remains  of  the  quadrupeds 
which  inhabited  primaeval  Ital^  are  found.  Professor  Ponzi  has  clearly 
distinguished*  them  from  their  congeners  in  the  older  period  (3)  or 
upper  strata  of  the  Subapennines.  In  that  preceding  period  the  Ele^ 
phas  primigenius  (Blum.),  Hippopotamus  major  (Blum.),  Rhino- 
eeros  leptorhinus  (Cuv.),  Equusfossilis  and  Cervus  primigeniiu  were 
inhabitants  of  the  adjacent  Apennines,  from  which  their  bones,  with 
much  pebbly  detritus,  were  washed  down  into  the  adjacent  estuaries 
and  bays  of  the  sea,  and  mixed  up  with  its  dolphins  and  shells. 
When  me  estuary  formations  had  been  raised  into  land  and  formed 
the  banks  of  the  ancient  or  broad  valley  of  the  Tiber,  other  quadru- 
peds appeared,  and  if  the  bones  of  the  older  period  be  found  added 
to  more  recent  remains,  the  former  are  always  in  a  rolled  and  water- 
worn  condition. 

Among  the  animals  of  the  post-pliocene  or  quatemanr  deposits  (5) 
whose  remains  have  been  detected  in  such  hillocks  as  tnose  at  Ponte 
MoUe,  are  Ursus,  Melea  antediluvianusy  Felis  breviroatris,  Sus 
9erophafosnlis,  Equus  foasiliSy  E.  annus/osailis,  Cervus  primigenius. 
Bos  priscus.  Bos  primigenius,  with  aquatic  birds,  frogs,  eels,  &c. 

From  that  epoch,  so  recent  as  respects  geological  history,  but  so 
remote  as  respects  man,  we  are  ushered  into  our  own  sera  by  finding 
in  the  more  modem  alluvia  of  the  Tiber,  but  when  that  stream  was 
much  broader  (6),  the  remains  of  creatures,  such  as  the  Dama 
Bomana,  the  Ovis  aries  and  Capra  agragus,  which,  though  compa- 
ratively recent  and  having  disappeared  from  the  peninsula,  are  in  this 
last  deposit  associated  with  the  usual  modem  types,  including  the  Bos 
bubalus  (linn.),  which  shows  that  the  Buffalo  is  indigenous  in  Italy. 

In  reviewing  the  vibrations  and  changes  of  relation  which  the  ter- 
tiary deposits  of  Italy  have  undei^ne,  it  appears  that  though  in 
many  districts  there  are  dislocations  which  affect  one  group  and  not 
another,  there  are,  on  the  other  hand,  sufficient  examples  of  transition 
which  unite  them.  In  this  manner  we  have  seen  instances  where 
true  eocene,  as  proved  by  organic  remains,  passes  up  into  miocene 
beds  equally  upheaved  and  conformable  to  mem  (Bassano,  Asolo) ; 
whilst  in  the  southem  parts  of  Tuscanv  and  in  the  north  of  the  Papal 
States  remains  are  seen  in  masses,  which  though  much  less  fossili- 
ferous  are  presumed  to  be  their  equivalents.  Some  of  the  miocene 
coal  deposits  of  Tuscany  follow  ful  the  flexures  and  dislocations  of 
the  older  rocks  on  which  diey  rest.  M.  Coquand  compares  them 
with  those  of  Aix  in  Provence  and  other  spots  well  known  to  him, 
and  finding  that  they  contain  the  same  characteristic  plant,  Palma- 
cites  Lamanonis,  he  has  contended  that  thev  should  even  be  classed 
as  eocene  or  with  the  gypseous  beds  of  the  Paris  basin.  In  synchro- 
nizing freshwater  with  marine  deposits,  where  there  is  not  a  continuous 
succession  of  many  strata,  there  is  always  considerable  difficulty ;  but 

*  See  the  Atti  della  ottava  riunione  degti  Sdenxiati  Italian!  GenoTa,  pp.  679 
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as  these  lignites  are  manifestly  posterior  to  any  stratum  of  the  nnm- 
mnlitic  series,  which  I  regard  as  the  eocene  of  Southern  Europe,  I 
must  consider  them  to  he  of  miocene  age,  though  in  some  instances 
representing  perhaps  the  lower  beds  of  that  division.  In  the  full  and 
consecutive  marine  series  of  the  Monferrato,  and  in  the  Apennines 
of  Bologna,  no  doubt  can  remain  of  a  perfectly  equable  and  confor- 
mable transition  from  miocene  into  pliocene.  Even  in  the  convulsed 
region  of  the  Tuscan  Maremma  and  its  flanks,  it  is  manifest  that 
beds  of  miocene  are  surmounted  by  the  whole  series  of  the  lower 
gypseous  marls,  which  in  their  turn,  though  often  highly  inclined, 
pass  up  into  true  subapennine  blue  marl. 

Some  geologbts  have  indeed  endeavoured  to  distinguish  the  miocene 
from  the  pUocene  tertiaries  of  Italy  by  the  inclination  of  the  strata  in 
the  one  and  their  horizontality  in  the  other.  But  this  method  is 
fallacious ;  for  although  the  great  shelly  masses  of  pliocene  age,  which 
occupy  broad  valleys  or  large  troughs,  are  necessarily  more  or  less 
horizontal,  wherever  they  are  removed  from  centres  of  disturbance, 
there  are  numerous  distncts  in  which  they  are  highly  inclined.  Thus, 
without  going  back  to  the  sections  of  Bassano,  the  Monferrato,  Bo- 
logna, &c.,  we  see  both  the  blue  marl  and  yellow  sands,  which  are  so 
horizontal  along  the  banks  of  the  Elsa  in  Tuscany,  dip  at  35°  to  the 
east  of  Volterra,  whilst  they  are  followed  downwards  at  Specchiajolo 
and  Pignano,  on  the  road  to  Colle,  by  gypseous  marls,  which  are  still 
more  highly  inclined  as  they  approach  a  ridge  of  elevation.  Again, 
where  the  basaltic  cone  of  Kadicofani  perforates  the  tertiary  trough 
of  blue  marls  which  he  between  the  ridges  of  Monte  Amato  on  the 
west  and  Monte  Cetona  on  the  east,  these  young  strata  are  singularlj 
dislocated.  Even  without  Quitting  the  environs  of  Rome,  the  most 
perfect  horizontality  of  the  blue  marls  and  overlying  sandstones  maj 
be  observed  near  St.  Peter's  and  the  Vatican ;  and  yet  in  following 
the  uppermost  of  these  strata  to  the  summits  of  Monte  Mario  or  west- 
wards towards  Civita  Vecchia,  they  are  found  to  undulate  so  rapidly 
with  local  breaks,  that  sections  made  in  two  detached  spots  would 
show  an  apparent  unconformity,  when  in  fact  aU  is  one  continuous 
series. 

On  the  shores  of  Italy,  as  in  the  valleys  of  the  Amo  and  the  Tiber, 
there  are  many  proofs  of  a  succession  of  deposits  similar  to  that 
which  has  been  alluded  to  near  Rome,  ascendmg  from  the  subapen- 
nine or  pliocene  sera  into  the  period  when  all  the  sea  sheUs  found  in 
the  raised  beaches  are  those  of  the  present  Bea.  On  this  point  I  will 
now  only  add,  that  the  oscillation  to  which  the  coast  has  been  sub- 
jected in  the  historic  period,  when  the  temple  of  Serapis  in  the  bay  of 
PuzzuoU  was  depressed  about  twenty-five  feet  below  its  present  level 
and  afterwards  raised,  was  by  no  means  a  mere  local  subsidence,  but 
one  which  affected  the  whole  of  the  adjacent  coast  of  Italy.  For,  on 
the  seaward  face  of  the  promontory  of  Gaeta,  which  is  a  mass  of  sub- 
crystalline  or  hippurite  limestone,  I  satisfied  myself  of  the  accuracy  of 
the  observation  of  Pilla*  and  other  Italian  geologists,  that  pholades 
of  existing  species  had  eaten  into  the  rock  at  about  the  same  height 
*  Trattato  de  Geologia  di  L.  Pilla,  vol.  i.  p.  334.    Pisa,  1847. 
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aboTe  the  water  at  which  the  perforations  of  these  animals  are  ob- 
servable in  the  columns  of  the  temple  of  Jupiter  Serapis ;  whilst 
subsidences  of  ancient  Roman  buildings  beneath  the  sea  are  apparent 
in  many  adjacent  places. 

Bat  although  we  thus  learn  that  such  oscillations  of  the  land  have 
been  in  operation  during  the  historic  aera,  who  will  venture  to  com- 
pare the  operations  which  gradually  elevated  and  depressed  the  coast 
of  Italy  a  few  feet,  with  those  mighty  forces  which  evolved  the  more 
ancient  upheavals,  fractures  and  inversion  of  the  Alps  and  Apennines  ? 
By  no  amount  of  gradual  intumescence  and  subsidence  can  we  explain 
the  grand  phsenomena  of  those  mountains,  and  the  geologbt  cannot 
examine  them  without  admitting,  that  they  stand  forth  as  monuments 
of  much  more  powerful  causes  than  any  of  which  there  is  a  trace  in 
the  modem  penod. 

Concluding  Remarks, 

In  recurring  to  the  chief  object  of  this  memoir— the  recognition  of 
Eocene  deposits  of  large  dimensions  in  the  South  of  Europe — ^it  is 
unnecessary  that  I  should  here  enumerate  all  the  authors  who  have 
considered  the  nummuHtic  rocks  of  the  Alps  and  Italy  to  be  of  ere- 
taoepus  or  secondary  age  ;  it  being  enough  to  state  that  in  the  works 
of  £.  de  Beaumont,  DufWnoy,  Studer,  Escher,  and  others,  and  in 
nearly  all  published  maps  and  tabular  views,  they  are  still  so  classed. 
Having  now  entirely  abandoned  the  opinion  which  I  once  entertained, 
that  nummuHtes  are  common  to  the  cretaceous  and  tertiary  rocks  of 
the  Alps,  as  explained  in  the  preceding  memoir,  I  will  endeavour  to 
generalize  the  result.  But  firet  let  me  pass  in  review  those  authors 
who  have  recently  thrown  light  upon  this  subject  by  their  surveys  in 
the  south  of  France,  where,  in  proceeding  from  our  northern  countries, 
we  find  the  eocene  formation  beginning  to  assume  its  Alpine  and  Me- 
diterranean aspect,  and  what  I  consider  to  be  its  great  and  normal 
type. 

Our  associate  Mr.  Pratt,  who  has  so  well  illustrated  the  case  of 
Biaritz  at  the  north-western  foot  of  the  Pyrenees,  beUeves,  that  the 
nummulitic  and  shelly  strata  there  exposed  are  tertiary'*' ;  but  whilst 
a  great  number  of  the  fossils  (56  species)  are  identical  with  forms  of 
the  Paris  basin,  he  conceives  that  the  strata  are  of  somewhat  older 
date  than  the  eocene  of  the  north  of  Europe.  This  opinion  is  pro- 
bably to  some  extent  correct,  since  a  portion  of  the  beds  in  ouestion 
may  represent  that  interval  of  time  wnich  is  marked  in  England  by 
the  great  disruption  betvreen  the  plastic  clay  and  the  chalk.  In  ex- 
amining the  fossils  collected  by  Mr.  Pratt,  M.  d*Archiac  detected  onlv 
three  cretaceous  forms  in  108  species  f,  and  of  these,  two  are  indivi- 
duals, Ostrea  vencularis  (Sow.)  and  O.  lateralis  (Nilss.),  which  are 
repeated  in  other  tracts  in  the  lower  stage  of  the  nummulitic  for- 
mation. 

In  dividing  the  nummulitic  group  of  the  basin  of  the  Adour  into 
three  stages,  M.  Delbos  shows  that  its  inferior  member,  containing 

*  BulL  Soc.  G^l.  Fr.  2  Scr.  vol.  ii.  p.  185. 
t  Mem.  Soc.  6^1.  Fr.  2  Ser.  torn.  ii.  p.  191. 
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the  Ostrea  veaicularU  (associated,  however,  with  the  tertiary  species 
Ostrea  gigantea,  Terehratula  semUtriata  and  Cancer  quadriloha^ 
ttis),  reposes  on  strata  charged  with  Inoceramus  Lamarekii  and 
Ananchytea  ovatus,  which  he  believes  to  be  the  true  representative  of 
the  white  chalk  of  Paris*.  These,  I  would  remark,  are  precisely  the 
relations  which  exist  both  on  the  northern  and  southern  flanks  of  the 
Alps.  M.  Delbos  further  indicates,  that  his  second  staee  in  ascend- 
ing order,  which  had  been  also  confounded  with  the  chaUc,  is  a  lime- 
stone characterized  by  Schizaster  rimosa,  Hcmiaster  eomplanatus, 
Nummulina  millecaput  (N.  ffigas,  Catullo),  Serpula  aptruUea^  most 
of  which  fossils  occur  in  the  shelly  eocene  of  the  Vicentine.  Lastly, 
he  points  out,  that  although,  even  in  his  third  or  uppermost  bano, 
the  Oatrea  lateralis  and  the  O.  gigantea  of  the  lower  beds  are  re- 
peated, they  are  there  associated  with  a  profusion  of  tertiary  species. 
This  band  is  the  great  receptacle  of  nummulites  throughout  the 
neighbourhood  of  Bayonne,  the  Corbi^res,  &c.,  which  nummulites  (I 
m^remark)  are  all  or  nearly  all  of  the  same  species  as  in  the  Alps. 

The  facts  developed  by  M.  Leymerie  are  in  my  opinion  essentiallj 
the  same  as  those  aescribed  by  M.  Delbos ;  for  whilst  he  shows  thi^ 
the  "terrain  k  nummulites"  is  connected  with  the  chalk  by  help  of 
certain  fossils,  still  the  great  masses  with  nummulites  are  clearly 
superposed.  But  then  this  author  has  a  theory  to  account  for  hu 
"  terrain  ^picr^tac^."  Seeing  that  these  supposed  secondary  rocks 
of  the  south  differ  so  much  from  those  of  the  north  of  Europe,  he 
explains  this  in  his  last  memoirf  by  supposing  that  they  were  de- 
posited in  separate  and  distinct  seas ;  so  that  certain  animals  may 
nave  continued  to  live  on  in  the  one,  which  had  ceased  to  exist  in  the 
other  basin.  In  this  way  he  is  inclined  to  think,  that  the  nummuhtic 
rocks  of  the  south  may  represent  at  the  same  time  the  upper  part  of 
the  cretaceous  and  the  lower  part  of  the  tertiary  system  of  the  north. 

To  this  I  would  reply  by  positive  data.  It  has  been  shown  that 
in  this  southern  zone,  and  notably  throughout  the  Alps,  the  very 
beds  of  transition  or  union  are  positively  underlaid  by  the  true  equi- 
valent of  the  white  chalk  and  a  full  complement  of  the  cretaceous 
system.  Again,  strata  which  M.  Leymerie  considers  cretaceous, 
merely  from  the  presence  of  the  Oatrea  lateralis  and  the  Terebra- 
tula  tenuiatriata,  are  in  my  estimate  the  intermediate  or  transition 
beds  only ;  and  as  the  last-mentioned  of  these  fossils  is  said  to  be  un- 
distinguishable  from  the  T.  caput  aerpentia,  a  species  which  mounts 
high  into  the  tertiary  deposits,  nothing  is  gained  by  such  an  argu- 
ment, particularly  when  the  most  secondary  or  creta^us  of  the  two 
species,  the  Oatrea  lateralia,  is  stated  to  be  associated  with  several 
well-known  tertiary  species. 

In  pointing  out  very  clearly  that  the  nummulitic  rocks  of  Lcs  Cor- 
bi^res  are  all  posterior  to  the  chalk,  M.  Talavignes^  has  endeavoured 
to  divide  the  formation  into  what  he  calls  two  systems  on  account  of 
their  unconformity ;  but  as  no  author  has  recognised  a  general  break 

*  BulL  Soc.  G^l.  Fr.  yoL  iv.  pp.  657,  713. 
t  M^.  de  I'Acad^mie  de  Toulouse. 
t  BuU.  Soc  G^L  Fr.  toI.  iv.  p.  1127. 
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eren  in  the  Pyrenees,  I  am  disposed  to  consider  this  a  local  phaeno- 
menon,  sinular  to  that  described  by  M.  Favre  in  a  portion  of  the 
SaToy  Alps.  It  is  needless,  however,  here  to  speak  of  lines  of  dislo- 
cation or  transgressive  deposits  which  I  have  disposed  of  elsewhere, 
as  we  are  now  merely  dwelling  on  palseontological  data  and  regular 
order  of  superposition ;  and  &e  result  of  the  researches  of  M.  Tala- 
rignes  is,  that,  with  the  exception  of  one  Gryphsea,  all  the  fossils  of 
his  two  systems  of  nummuHtic  rocks  are  of  tertiary  forms. 

An  argument  used  by  M.  Dufr^noy  to  sustain  the  opinion  of  M. 
de  Beaumont  and  himself,  that  the  nummuhte  rocks  formed  the  up- 
permost stage  of  the  great  cretaceous  system  of  the  south,  has,  it 
seems  to  me,  fallen  to  the  ground*.  That  author  had  indicated  that 
the  highly  inclined  nummulite  strata  of  St.  Justin  in  the  Landes  were 
surmounted  by  horizontal  beds  of  calcaire  grossier.  On  a  scrutiny 
of  this  point,  however,  MM.  Raulin  and  Delbos  have  proved,  that  the 
supposed  calcaire  grossier  is  a  true  Bordeaux  miocene,  and  therefore 
we  have  there  simply  such  a  hiatus  in  the  tertiary  series  as  occurs  in 
many  parts  of  the  Alps  and  Italy.  M.  Raulin  has,  indeed,  gone 
further,  and  has  proved,  through  the  species  of  echinodermsf,  that  in 
the  same  region  (Dax)  there  is  a  true  equivalent  of  the  white  chalk, 
and  that  the  overlying  nummuhtic  rocks  are  loaded  with  eocene 
species.  He  insists,  diat  whenever  the  nummuhte  group  occurs, 
tnere  is  no  other  representative  of  the  eocene.  Hence  M.  Raulin 
beUeves  that  the  great  upheaval  of  the  Pyrenees  took  place  after  the 
eocene  epoch ;  and  this  is  just  what  has  occurred  in  tne  Alps.  M. 
Rouant  has,  indeed,  described  a  "  terrain  eocene  "  in  the  environs  of 
Pan,  which  is  the  very  same  as  the  nummulitic  group  elsewhere,  and 
being  in  an  intermediate  position,  it  is  most  satisfactory  to  know  that 
it  contains  thirty-four  fossil  species  of  the  Paris  basin  and  five  of  the 
Yicentine. 

Now,  whatever  these  deposits  in  the  south  of  France  may  be  called, 
they  are  unquestionably  of  synchronous  date  with  the  nummuHtic 
group  of  the  Alps ;  for  nearly  every  one  of  the  same  species  of  num- 
muhtes  and  orbitoUtes,  besides  many  echinoderms  and  snells,  occur  in 
both  r^ons  in  strata  occupying  the  same  place  in  the  geological  scale  ^. 

♦  BnlL  Soc  G^l.  Pr.  vol.  iv.  p.  561.  t  Ibid.  voL  v.  p.  114. 

t  See  p.  195,  and  the  note  on  M.  d'Archiac's  identification  of  the  species  I  brought 
from  the  Alps  with  those  of  the  south  of  France.  That  able  author  has  written  to 
me,  that  he  sees  no  zoological  reason  why  that  which  he  has  termed  the  Asiatico- 
Mediterranean  nummulitic  group,  extending,  as  he  says,  from  the  Astmrias  to  the 
banks  of  the  Brahmapootra,  may  not  be  the  true  type  of  the  lower  tertiary  forma- 
tion, whilst  that  which  we  have  hitherto  regarded  as  such  (Paris,  London,  &c) 
may  have  been  due  to  local  causes,  and  circumscribed  to  some  ancient  gulf  of  north- 
western Europe.  What  he  still  requires,  before  he  modifies  the  opinions  he  has 
already  expressed,  are,  clear  proofii  of  geological  and  stratieraphical  relations,  and 
he  hopes  to  find  this  point  sustained  in  my  memoir.  Whilst  speaking  of  the  zoo- 
logical characters  of  the  nummulitic  group,  I  am  also  happy  to  say,  that  a  number 
of  its  fossils,  forming  part  of  a  large  collection  in  the  Woodwardian  Museum  of 
Cambridge,  procured  frx>m  Count  Miinster,  and  ticketed  by  that  naturalist  frx>m 
▼arious  Mmne  localities  dted  in  this  memoir,  have  all  been  classed  as  eocene  ter- 
tiaiy  by  Mr.  P.  M'Coy  (the  assistant  of  Professor  Sedgwick)  after  a  careful  com- 
jMurison  of  them  with  types  of  that  age  from  other  tracts. 
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To  the  very  dedsive  opinion  of  M.  Ewald  of  Berfin  respectiiig  the 
true  tertiary  character  ot  the  fossils  of  the  Vicentine  recorded  in  this 
memoir,  I  may  add,  that  in  a  paper  read  before  the  Geoloeical  Sec- 
tion at  Venice,  he  demonstrated  that  certain  mnltilocnlar  oodies  in 
the  hippurite  hmestone  of  Berre,  near  Marsdlles,  thonsh  resembling 
nummmites,  were,  in  fact,  quite  distinct  firom  them,  bou  in  stroctare 
and  in  the  absence  of  the  lenticular  form.  Abandoning  his  old  o|u- 
nions,  like  myself,  M.  Bou^  admits  that  as  a  whole  the  nmnmulites 
must  be  ranged  in  the  eocene  group,  and  he  now  the  better  mider- 
stands  why  in  certain  parts  of  Turkey  the  miocene  and  younger 
tertiary  at  once  succeed  to  nummuHte  rocks.  It  has  indeed .  b^ 
stated  by  M.  Constant  Prevost,  that  nummuhtes  occur  with  hippu- 
rites  in  the  limestones  of  Cape  Passaro  in  Sicily.  That  nummuiite 
limestones  immediately  cover  hippurite  limestone  in  Italy,  is  a  het 
on  which  I  have  dilated ;  but  whether  the  relations  be  tne  same  in 
Sicily  I  cannot  of  course  decide,  not  baring  been  able  to  yisit  the  spot. 
M.  Uoquand,  whilst  classing  with  the  cretaceous  rocks  the  nummulitac 
limestone  and  madgno  of  Morocco,  shows  at  the  same  time,  that  the 
latter  ererywhere  surmount  the  hippurite  hmestone ;  and  this  state- 
ment leads  me  to  beUeve,  that  the  general  succession  is  the  same  in 
Africa  as  in  Italy  and  in  the  Alps. 

In  casting  our  eyes  eastward  to  the  grand  region  of  Northern 
Russia,  we  see  how  the  deposits  above  the  thaXk  preserve  the  type 
of  our  Northern  Europe,  and  how  in  following  them  to  the  Carpa- 
thians and  the  Crimsea,  they  are  found  to  assume  die  southern  type. 
The  sections  of  the  nummuhtic  rocks  of  the  south  coast  of  the  Crimsea^ 
whether  by  M.  Dubois  or  by  M.  de  Yemeuil,  completely  establish  the 
fact,  that  the  great  mass  of  nummuhtic  limestone,  with  its  Ostrea 
gigantea  and  other  eocene  fossib,  is  clearly  superposed  to  the  chalk. 
M.  Dubois  thinks,  indeed,  that  one  species  of  Nummulina  there  de- 
scends into  the  rock  with  true  chalk  tossils.  But  even  if  this  be  so» 
and  that  a  true  nummuUte  should  also  coexist  with  the  uppermost 
hippurite  rock  of  Cape  Passaro  in  Sicily,  it  will  only  prove^iat  the 
genus  was  called  into  existence  a  Uttle  earher  in  those  latitudes  and 
fongitudes  than  in  the  Alps  and  Apennines,  whilst  at  the  same  time 
it  would  offer  an  additional  proof  of  that  very  transition  between  the 
rocks  called  secondary  and  tertiary  on  which  I  have  dwelt.  However 
this  may  be,  the  facts  remain  the  same,  in  relation  to  the  great  magsea 
of  nummulites  that  characterize  the  eocene  of  Southern  Europe, 
which  I  have  described.  These,  I  repeat,  are  invariably  supracre- 
taceous ;  the  nummuhtes  being  associated  with  a  profusion  of  other 
animal  remains  of  true  tertiary  diaracter  *. 

*  The  Bnperpofitioii  of  true  mimmiilltet  to  the  cretaceovt  rocks  of  the  Asto- 
riu  is  announced  to  me  by  M.  de  Vemeinl  whilst  diese  pages  are  passing  through 
the  press.  The  limestones  and  sandstonta  of  that  province  which  are  charged 
with  hippnrites  and  radioHtes,  contain  also  ahondance  of  orbiieMit^,  The  latter 
(which  have  been  mistaken  for  nnrnmnlites)  are  fairij  intercalated  in  the  cn^ 
taceous  system,  and  are  surmounted  by  a  yellowish  limestone  with  spatangi,  which 
may  be  the  equivalent  of  the  white  chalk.  This  cretaceous  group  is  distinctly  over- 
laid by  limestone  abounding  in  true  numronlites,  which  dips  under  sandstone  and 
sands.    This  nummulitie  band  contains  Oginea  gigmitm,  Cbwoc^yw  mmM^ 
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The  nmnmtilitic  rocks  which  occupy  large  spaces  in  Egypt  are  all 
imqoesticmablyof  this  same  eocene  age»  as  proved  by  their  flMi^  In 
•  cofleetion  of  fossils  recently  sent  to  the  Royal  Musenm  at  Turin, 
M.  Bellardi  and  myself  recognized  at  a  ^ance  the  eocene  group  of 
the  Vioentine*. 

Besides  the  Numfnulina  millecaput  and  N.  placentula,  well  known  in 
the  Alps,  these  Egyptian  rocks  contain  the  Bulla  Fortini,  Al.  Brongn., 
TurriteUa  vittata,  Lamk.,  T.  imbricataria,  BosteUaria  fiwurella  and 
Nerita  conaidea,  forms  which  are  known  in  the  Paris  basin,  in  the 
Vicentine  and  at  Nice.  All  the  other  Egyptian  fossils,  including 
Crustacea  and  Echinoderms,  if  not  identical,  are  analogous  to  those 
of  the  supracretaceous  group  of  the  Alps  and  Italy.  The  same  types 
of  Peeten,  of  small,  spinose  Spondyli  and  Cardiacese,  with  Cassis  and 
many  univalyes,  complete  the  group. 

Following  this  grand  nummulitic  formation  firom  Egypt  and  Asia 
Ifinorf  across  Persia  by  Bagdad  to  the  banks  of  the  Inaus,  we  long 
ago  knew,  from  the  communications  of  Capt.  Grant,  how  in  Cutdi  it 
is  copiously  loaded  with  fossils,  which  from  the  drawings  and  descrip- 
tions of  Mr.  James  Sowerby^  have  all  a  tertiary  aspect  and  relations. 
Subsequently  the  labours  of  Capt.  Vicary,  as  recorded  in  our  Pro- 
ceedings §,  haye  greatly  added  to  our  acquaintance  with  the  range  of 
diese  nummulitic  rocks,  which,  in  the  form  of  limestones  and  sand- 
stones, compose  the  great  mass  of  the  highly  inclined  strata  of  the 
mountain  ranges  of  flala  and  Solyman  that  separate  Scinde  from 
Persia,  and  extending  firom  south  to  north,  form  the  passes  leading 
to  Cabul.  From  collections  recently  sent  home  to  me  by  Capt.  Vicary 
k  now  appears,  that  some  members  of  the  same  nummuhtic  group 
wrap  round  also  from  west  to  east  in  the  Sub-Himalayan  tracts  in 
which  Sabathoo  is  situated ;  and  are  said  to  reoccur,  eyen  in  the 
kingdom  of  Assam.  No  geolc^ist  can  yiew  the  fossils  of  this  yast 
Eastern  region  (including  nearly  all  the  Punjaub,  and  eyen  a  large 
portion  of  Afghanistan)  without  being  conymced  that  th^  belong 
to  die  same  member  of  the  series  as  the  eocene  of  the  Alps  and 
Italy  ;  for,  with  the  same  absence  of  ammonites,  belemnites,  hamites, 
or  any  cretaceous  types,  they  exhibit  six  or  seven  species  of  num- 

Sefymh  tfimUta,  tnd  other  wdl-known  eocene  forms.  The  same  order  seems  to 
prevail  throaghout  Spain,  even  into  the  province  of  Malaga,  and  everywhere  the 
nnmmolitic  eocene,  as  in  the  Alps,  has  undergone  the  same  flexures  as  the  cretaceous 
rocks,  whilst  thefimUt  of  the  two  formations  arc  quite  distinct. — June  1, 1849. 

*  Not  more  than  half  of  this  collection  had  heen  criticallj  examioed  and  com- 
pared when  I  left  Turin  in  June  1848.  I  maj  here  add,  that  a  reference  to  Rns^ 
segger's  sections  and  description  of  the  Mokattan  Hills,  near  Cairo,  would  also  lead 
inevitably  to  the  inference,  that  the  nummulitic  rocks  of  Egypt  are  of  eocene  ace 
(see  Russegger,  Reise  in  Europa,  Asien  und  Afrika :  Stuttgart ;  with  foL  atlas).  In 
short,  this  work  affords  evidence  of  the  existence  of  true  cretaceous  rocks,  fbl- 
towed  hj  both  eocene  and  younger  tertiary  deposits.  Still  M.  Russegger,  like 
most  of  his  contemporaries,  elaue9  the  wammUUe  roeki  with  the  chalk, 

t  See  Hamilton's  Asia  Uxuot,  vol.  L  pp.  405,  410,  500.  M.  Tchihatcheff  will 
enend  our  knowledge  on  this  point  when  he  publishes  the  results  of  his  recent 
trafds. 

t  Trans.  QtfA,  Soe.  Lond.  voL  v.  Second  Ser.  p.  289  and  plates. 

I  Jonma]  OeoL Soo.  Lond.  voL  liL  p.351. 
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mulites*,  four  of  which,  the  Nummulina  millecaput  or  polygyratus, 
N.planospira  or  assilinaides,  the  N.  crassa  (Bou^e),  and  the  N.Bia- 
ritzana  (D'Arch.),  are  identical  with  widely-spread  and  well-known 
forms  of  the  South  of  Europe.  Then  again  the  same  groups  of 
radiata,  conchifera  and  moUusca  occur  as  in  the  nummulitic  eocene 
of  Europe.  Some  of  the  fossil  shells  of  Scinde  are,  indeed,  scarcely  to 
he  distinguished  ft'om  the  species  of  the  Vicentine,  particularly  the 
so-called  Nerita  conoidea  (Lamk.),  or  the  Neritina  ffrandis  (Sow.),  as 
well  as  one  or  two  forms  of  Natica,  the  Trochus  agglutiiutns^  &c., 
whilst  they  have  all  a  tertiary  aspect,  and  if  not  identifiable  with,  are 
closely  related  to,  our  South  European  eocene  forms  f. 

In  comparing  rocks  of  this  epoch  from  distant  parts  of  the  glohe, 
the  amount  of  coincidence  in  their  zoological  contents  is  very  remark- 
able, and  in  tracing  their  greater  or  less  assimilation  to  our  European 
^pes,  we  find,  as  might  be  supposed,  that  such  is  in  a  great  measure 
dependent  on  the  occurrence  of  similar  or  dissimilar  conditions  of 
deposit.  Thus,  in  the  Vicentine  on  the  south  flank  of  the  Alps, 
where  white  limestones  and  marls  abound,  there  are  many  more 
species  common  to  that  tract  and  the  basin  of  Paris,  than  on  the 
northern  flank  of  the  chain,  where  the  deposits  are  more  sandy 
and  earthy,  though  their  distance  from  the  rarisian  ^pes  is  mudk 
smaller.  Again,  with  the  recurrence  of  strong  resemblance  to  the 
lithological  character  of  the  Paris  basin  in  the  nummulitic  rocks  of 
Egypt  and  Scinde,  we  meet  with  a  persistence  of  many  identical  or 
analogous  forms,  even  at  those  vast  distances.  In  the  eyes  of  the 
geologist  and  palaeontologist,  therefore,  the  eocene  type  of  Southern 
Europe  extends  through  the  heart  of  Asia,  the  differences  in  the  fauna 
being  simply  characteristic  of  formations  accumulated  under  varying 
conditions  at  the  same  time  in  distant  seas.  The  surprise,  indeed,  is, 
that  through  the  presence  of  certain  species  of  nummuUtes,  corals, 
echinoderms  and  shells,  there  should  be  so  striking  a  resemblance 
iit  these  widely  separated  deposits  of  so  young  an  age  as  the  eocene. 

When  we  take  the  map  of  the  world  in  Imnd,  and  view  the  enor- 
mous range  of  this  nummulitic  formation  at  intervals,  through  twenty- 

*  The  researches  of  Capt.  Vicary  were  undertaken  by  order  of  Lieut-GeneFal 
Sir  Charles  Napier,  after  his  brilliant  conquest  of  Scinde.  M.  Leopold  von  Bach 
long  ago  recognized,  in  a  letter  to  myself  (see  also  BulL  Soc  G^l.  Fr.  voL  iv. 
p.  542),  the  identity  of  the  nummulitic  formation  of  Southern  Europe  with  that 
which  ranges  from  the  Mediterranean  and  Egypt  across  Persia  by  Bagdad  into 
Hindostan,  and  I  much  regret  to  have  mi»laid  his  short  but  pregnant  sketch. 

t  Mr.  Morris  first  examined  these  fossils  of  Scinde  at  my  request,  and  seeing 
the  close  analogy  Tihich  they  present  to  the  nummulitic  group  of  Europe,  had  pre- 
pared a  list  of  them.  I  have  since  submitted  them  to  M.  d'Archiac  at  Paris,  in 
the  hope  that  he  may  describe  them  in  detail  for  the  Geological  Society  of  London, 
and  compare  them  with  the  nummulitic  fauna  of  Southern  France,  which  he  has 
well  studied.  The  species  named,  with  the  aid  of  Mr.  Morris,  in  the  Table  at  the 
end  as  haying  a  wide  range,  result  in  part  from  these  examinations,  and  also  from 
a  comparison  of  the  corals  by  M.  Jules  Haime  (the  associate  of  M.  Milne-Edwards), 
who  has  stated  that  four  species  of  that  dass  derived  from  Scinde,  are  identical 
with  forms  published  frt>m  Nice.  I  may  also  add,  that  I  saw  in  the  Royal  Mn- 
senm  at  Turin,  a  Cydorite  frx>m  the  mountains  between  Scinde  and  Cabul,  which 
M.  Bellardi  identifies  with  the  CyeMttei  Bwnoni  (Michelin)  of  Nice. 
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fi^e  degrees  of  latitude  and  near  one  hundred  degrees  of  longitude,  its 
northernmost  ridge  on  the  north  flank  of  the  Carpathians  heing  clearly 
identifiable  with  its  southernmost  known  Umb  in  Cutch,  and  its  western 
masses  in  Spain  and  Morocco  being  similar  to  those  of  the  Brahma- 
pootra, we  at  once  see  the  vast  importance  which  attaches  to  a  right 
onderstanding  of  its  true  place  in  the  geological  series.  And  this 
assimilation  of  distant  deposits  is  effected,  it  will  be  remembered,  in 
spite  of  great  local  diversities  of  lithological  and  mineral  character. 
The  black  subciystaUine  schists  and  limestones  of  the  summits  of  the 
Vallaisan  and  Savoyard  Alps,  with  their  Cerithia  and  Melaniae,  and 
the  black  fish-slates  of  Glarus ;  the  hard,  calcareous,  green  sandstones 
of  the  Alps  of  Bern,  of  the  four  cantons,  and  of  Bavaria,  are  all  proved 
by  their  fossils  and  order  of  superposition  to  have  been  formed  during 
the  same  geological  period  as  the  white  Umestones,  marls  and  sandstones 
of  Monte  Bolca  and  the  Vicentine,  and  by  zoological  inference,  at  the 
same  time  as  similar  rocks  in  Egypt  and  Hindostan.  Nay  more, 
we  see  in  the  Alps  enormous  thicknesses  of  overlying  "  flysch  "  and 
"  madgno,"  which  having  often  the  aspect  of  the  oldest  secondary 
or  even  of  transition  rocks,  are  not  of  higher  antiquity  than  our 
unconsoUdated  London  clay  and  Bagshot  sands ! 

In  coming  to  my  presentopinion  I  regret  to  be  compelled  to  dissent 
from  my  eminent  friend  M.  6Ue  de  Beaumont ;  for  even  in  the  last 
modification  of  his  opinions,  he  views  the  "  terrain  k  nuramuUtes" 
as  a  member  of  the  cretaceous  rocks.  In  one  essential  point  indeed, 
when  he  states  that  complete  researches  will  probably  make  known 
passages  or  transitions  between  all  conterminous  formations,  he  gives 
the  great  value  of  his  sanction  to  opinions  I  have  long  held  and  pub- 
lished*. I  rejoice  that  he  pointedly  adverts  to  the  error  of  those 
who  believe  in  general  dislocations,  or  revolutions  which  have  neatly 
separated  one  great  group  of  rocks  and  their  imbedded  animals  from 
another ;  and  that  stating  how  all  disruptions  are  local  in  reference 
to  the  surface  of  the  globe,  he  admits  with  me,  that  even  in  two  y^ 
formations  unconformable  to  each  other,  some  of  the  same  organic 
remains  have  been  found  to  exist.  Apparently,  however,  not  suffi- 
dently  acquainted  with  the  presence  in  the  Alps  of  a  full  represen- 
tative of  the  chalk,  and  beUevine  that  the  nummuhtic  series  there 
rests  upon  strata  of  the  age  of  the  greensand,  he  supposes  that  the ' 
nummulitic  group  and  flysch  of  that  chain  may  answer  to  the  upper 
part  of  the  cretaceous  system,  and  may  also  fill  up  the  interval  so 
ireauently  observable  in  Northern  Europe,  between  tne  surface  of  the 
chalk  and  the  plastic  clay.  But  he  must  forgive  me  when  I  state 
my  behef,  that  this  view  cannot  now  stand  in  the  face  of  the  clearly- 
ascertained  succession  which  has  been  pointed  out.  If  it  were 
vahd,  then  the  nummuUtic  rocks  and  flysch  or  ''  terrain  ^picr^tac^  " 
would  surely  somewhere  be  overlaid  by  a  zoological  representative  of 
the  calcaire  p;rossier ;  whereas  in  every  country  where  it  is  known, 
the  nummuhtic  and  flysch  group  is  surmounted,  for  the  most  part 
unconformably,  by  deposits  with  miocene  or  pliocene  shells.     Even  if 

*  See  Silurian  Syitem  and  Russia  in  Europe, /M»9mi. 
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¥ea  Dy  ine  aeposiu  WDicn  nitneixo  nave  aione  oeen  yiewea  as 
ger  tertiaary,  must  represent  so  long  a  period,  that  as  physical 
iments  only  they  are  m  my  mind's  eye,  fall  and  complete  equiv*- 
in  time  of  the  eocene  of  geologists'*'. 


they  were  void  of  fossils,  the  enormous  accumulaticms  of  finely-lami- 
nated heds,  which  overlie  the  true  equivalents  of  the  chalk,  and  are 
followed  by  the  deposits  which  hitherto  have  alone  been  viewed  as 
younger  i  " 
monuments  ( 
lents  in  time  of  the  eocene  of  geologists'* 

And  now  a  word  upon  the  reform  which  the  adoption  of  this  view 
must  introduce  into  geological  maps.  The  truth  is,  that  in  previous 
classifications  of  the  rocks  of  Southern  Europe  the  eocene  formatioa 
has  been  almost  omitted,  ohiefiy  because  it  there  usually  forma  the 
upper  portion  of  a  continuous  and  unbroken  series  of  strata,  of  whidi 
the  neocomian  limestone  or  lowest  member  of  the  cretaceous  irystem 
is  the  base.  In  some  tracts  it  will  doubtless  be  difficult,  except  the 
scale  of  the  map  be  large,  to  indicate  the  separation  of  the  eocene 
from  such  cretaceous  rocks ;  but  on  the  other  hand,  it  will  be  as  easy 
as  it  is  necessary  to  mark  this  formation  by  a  distinct  colour  over 
enormous  spaces,  separating  it  from  the  cretaceous  on  the  one  hand 
and  from  the  younger  tertiary  deposits  on  the  other.  Even  in  the 
most  general  maps  I  conceive  that  this  distinction  may  be  effected. 
No  geological  divisicm  can,  indeed,  be  more  essential  than  that  which 
distinguishes  lower  tertii^  rock-masses  from  those  of  upper  secon- 
dary age ;  inasmuch  as,  with  the  exception  of  certain  beds  of  junction, 
the  two  groups  have  no  organic  remains  in  common,  and  adOTord  the 
clearest  proofs  of  having  been  formed  at  different  periods  of  time» 
and  when  the  submarine  fieiuna  underwent  a  total  chimge. 

Lastly,  let  me  say,  that  without  taking  a  comprehensive  view  of  the 
whole  questicm,  and  alluding  to  the  works  of  my  contemporaries,  I 
should  not  have  made  apparent  the  value  of  the  establishment  of  a 
clear  order  of  secondary  and  tertiary  succession  in  the  Alps,  Caipa- 
thians  and  Italy.  In  respect  to  my  leading  object,  I  repeat,  that 
wherever  true  and  full  representatives  of  the  different  members  of 
the  cretaceous  system  occur,  from  the  neocomian  or  equivalent  of  the 

*  In  A  letter  recently  reodved  from  M.  Alcide  d'Orbigny,  he  thns  expresses  bim- 
self :  '*  For  three  years  I  have  made  the  most  extensive  researches  upon  Nommn- 
Utes ;  and  in  comparing  all  the  stratigraphical  and  palasontological  results,  it  is  im- 
possible not  to  recognize  therein  two  distinct  epochs,  as  represented  by  strata,  super- 
posed the  one  to  the  other,  and  having  each  its  proper  fauna.  One  of  these  epochs, 
vrhich  I  have  recognized  in  the  French  Alps,  the  Pyrenees  and  the  Ginmde,  cor- 
responds to  the  plastic  day  of  Paris  and  London,  and  which,  belonging  to  the 
lower  sands  of  Soissons,  I  have  named  '  fitage  Suessonien ' ;  the  other,  equally 
oommon  in  the  Alps  and  the  basins  of  the  Gironde,  and  which  indodes  the  '  cal- 
caire  grossier '  of  Paris  up  to  the  gypsum  of  Montmartre  and  the  London  day,  fte^ 
I  dedgnate  '  Etage  Parisien.'  These  divisions,  based  upon  a  considerable  number 
of  facts,  are  detailed  in  the  vrork  I  am  now  printing,  ana  the  entire  composition  id 
their  characteristic  £sunas  is  given  in  my '  Prodromus  of  Universal  Paleontology.' 
The  habit  I  have  acquired  of  determining  these  fossils  makes  me  regret  that  I  can<( 
not  go  to  inspect  your  collections  in  London ;  but  the  portions  of  them  I  have 
seen  in  the  hands  of  our  friend  M.  de  Vemeuil  have  led  me  to  recognize  at  once 
what  I  was  already  acquainted  with  in  the  Pyrenees  and  the  French  Alps.  Again, 
the  fossils  I  have  examined  in  the  collection  of  M.  Tchihatcheff  (recently  brought 
from  Asia  Minor)  confirm  me  in  my  opinion,  and  would  lead  me  to  extend  the  limits 
of  these  tertiary  stages,  as  you  have  suggested,  even  to  Hindostan.'' 
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kmer  greensand,  upwards  through  the  gault  and  upper  greensand  into 
the  white  chalk  indusiYe, — ^there  also  all  the  spmes  of  the  genus 
Nummulina  lie  invariahly  ahove  such  strata ;  ana  further,  that  with 
ihe  exception  of  one  or  two  forms  of  Gryphsea  and  Terehratula  (con- 
ehifers  peculiarly  tenacious  of  life,  and  which  generally  occur  in  the 
beds  of  transition  above  the  chalk,  and  never  rise  above  the  lower 
beds  of  the  nummulitic  group),  all  the  fossils  associated  with  the 
nummulites  are  of  eocene  type.  I  am  glad  that  these  conclusions, 
derived  from  geological  researches  and  {U)Solute  sections,  are  in  har- 
mony with  the  results  obtained  by  the  most  eminent  naturalists  from 
their  study  of  orguiic  remains.  Brongniart,  Deshayes  and  D'Or- 
bigny  have  long  maintained  that  the  nummulites  of  France  are  truly 
of  tertiary  age.  Agassiz  groups  them  as  rather  pertaining  to  a  pe- 
culiar or  lower  tertiair.  In  his  recent  valuable  tabular  view  of  all 
known  fossils  (to  whicn  I  specially  invite  attention).  Professor  Bronn 
of  Heidelbei^  places  the  nummuhtic  group  as  the  natural  base  of  all 
the  tertiary  deposits.  This  concordance  of  physical  geology  with 
palaeontology  has  indeed  been  everywhere  established  where  patient 
researches  have  been  carried  out. 

In  conclusion,  it  is  unnecessary  that  I  should  revert  to  all  the  de- 
ductions I  have  attempted  to  draw  concerning  the  operations  ci  meta- 
morphism,  contortion,  and  fracture  by  which  the  strata  of  the  Alps 
and  Apennines  have  been  so  ^werfnlly  affected;  and  I  will  now 
simply  recapitulate  the  chief  pomts  which  I  have  grouped  together, 
in  presenting  to  my  countrymen  a  view  of  the  normal  order  of  the 
formations,  as  well  as  of  the  derangements  they  have  undergone,  in 
the  Alps,  Carpathians  and  Apennines. 

1.  That  whilst  evidences  of  Silurian,  Devonian  and  carboniferous 
rocks  exist  in  the  Eastern  Alps,  the  palseozoic  group  of  Southern 
Europe  nowhere  exhibits  traces  of  the  Permian  system  of  Northern 
Europe. 

2.  That  these  palseosoic  rocks  are  succeeded  in  the  Eastern  Alps, 
and  notably  in  the  South  Tyrol,  by  the  '*  Trias,''  as  characterized  by 
known  muschelkalk  fossils  and  also  by  many  species  peculiar  to  the 
Alpine  zone  of  this  system ;  whilst  none  of  these  fossils  have  yet  been 
recognized  in  the  Western  Alps. 

3.  That  the  Jurassic  system  of  the  Alps  and  Apennines  is  made  up 
of  two  distinct  calcareous  formations ;  the  inferior  representing  the 
lias  and  lower  oohtes,  the  superior  the  Oxfordian  group,  so  largely 
developed  throughout  Russia,  though  in  a  very  different  nuneral 
condition. 

4.  That  the  cretaceous  system  of  Southern  Europe  is  composed  of 
hard  subcrystalline  Neocomian  limestones  (the  equivalents  m  great 
part  of  the  English  lower  greensand),  of  a  band  replete  with  fossils 
of  the  gaidt  and  upper  greensand,  and  of  red,  grey  and  white  lime- 
stones with  Inocerami  representing  the  chalk. 

5.  That  where  the  sequence  is  full  and  unbroken,  the  cretaceous 
rocks  of  the  Alps  and  Apennines  graduate  conformably  and  insensibly 
upwards  by  mineral  and  zoologiciu  passages  into  the  nummulitic  zone. 
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in  which  and  in  its  great  intercalated  and  overlying  masses  of  flysc^ 
or  upper  "macigno"  the  secondary  types  have  vanished,  and  an 
eocene  tertiary  fauna  appears. 

6.  That  by  the  presence  of  numerous  fossils,  and  notably  bj  its 
nummulites  and  echinoderms,  this  eocene  group  is  known  to  extend 
from  the  Mediterranean  through  Egypt,  Aisia  Minor  and  Persia  to 
EUndostan,  and  there  to  occupy  large  r^ons  forming  the  western 
and  northern  limits  of  British  India. 

7.  That  the  names  of  Carpathian  sandstone  and  Vienna  sandstcme, 
as  well  as  of  flysch  and  macigno,  have  been  apphed  to  rocks  which 
are  both  of  secondary  and  tertiary  age ;  but  that  in  the  Carpathians, 
as  in  the  Alps,  those  portions  of  them  containing  nommuHtes  with 
certain  overlving  strata  represent  the  eocene  tertiary. 

8.  That  the  cretaceous  and  nummuHtic  eocene  formations  of  the 
Alps  having  been  successively  deposited  under  the  sea,  have  since 
undergone  tne  same  common  flexures  and  fractures,  by  which  the 
younger  strata  have  been  frequently  folded  under  those  of  older  date. 

9.  That  the  only  general  feature  of  independence  in  the  forma- 
tions of  the  Northern  Alps,  is  that  which  is  exhibited  in  the  grand 
rupture  and  hiatus  between  the  pre-existing  nummiihtic  eocene  with 
flysch  and  the  subsequently-formed  molasse  and  nagelflue. 

10.  That  as  the  marine  contents  of  the  Swiss  molasse,  whether 
called  younger  miocene  or  older  pUocene,  exhibit  a  large  proportion 
of  Uving  species  of  marine  shells,  whilst  the  associated  and  overlying 
strata  of  terrestrial  origin,  often  called  molasse,  are  loaded  with  forms 
all  of  which  are  extinct,  the  same  terms  cannot  be  applied  as  equiva- 
lents to  define  the  tertiary  strata  which  were  formed  contempora- 
neously under  the  sea  and  upon  the  land  (see  p.  237). 

1 1 .  That  although  on  the  southern  flank  of  the  Venetian  Alps  the 
nummuUtic  eocene  group  is  followed  by  younger  tertiary  deposits, 
which,  also  elevated  at  high  angles,  have  a  dir^tion  parallel  to  the 
older  chain,  it  is  believed  that  such  external  lower  pandlel  (Bassano, 
Asolo)  was  produced  after  that  chief  elevation  which  raised  the  se- 
condary and  eocene  rocks  together,  and  has  in  many  places  left  the 
latter  upon  the  summits  of  me  Alps. 

12.  That  notwithstanding  local  oislocations.  Northern  Italy  further 
exhibits  conformable  passages  from  what  may  be  the  uppermost  eocene 
or  lowest  miocene  high  up  into  subapennine  strata,  in  which  most  of 
the  shells  are  undistinguishable  from  those  now  hving. 

13.  That  since  the  emersion  of  all  the  pUocene  and  youngest 
marine  deposits  and  their  addition  to  the  pre-existing  lands,  the  os- 
cillations which  the  coasts  of  Italy  have  undergone,  particularly  during 
the  historic  sera,  are  symptoms  of  the  remains  only  of  that  subterra- 
nean energy  which  was  exerted  with  much  greater  intensity  during 
former  periods  in  the  Alps,  Carpathians  and  Apennines. 
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Species  of  the  Nummulitic  Eocene  group  having  a  wide  geographical 

range. 

FohOs.  LocaUtks. 

Nnmmulina  millecaput,  Boub4e=.N,  Alps.    Pyrenees.    Crimea.     Egypt. 

polygyratus,  Desh.  Vicentme.     Scinde. 

pknospira,  Boub4e=iN,  assi-  South  of  France.    Pyrenees.    Alps. 

iiuotdes,  Riit.  Apennines.      Carpathians.      Mt. 

Garnno  (Nwles). 

Biaritzana,  tTArch.^N.  ata-    Alps,  biaritz.  Vicentine.  Cutch  and 

eica,heym.=zN,  acuta,  Sow,=:N.        Scinde. 

regularis,  Riit. 

rotularis,  Desh,=zN,  globulus,    South  of  France.    Pyrenees.    Alps. 

Leyni.=(^r.  Usmgata,  Pusch,  1. 1 2.        Crimea.     Carpathians  ? 
f.l6a)? 

placentula,  Desh,  =  N.  inter-    South  of  France.    Alps.     Crimea. 

m«ilMi,  d'Arch.  Egypt.     Scinde? 

globosa,  BMt.  Sf  <rArch,=N,    Alps.    South  of  France. 

obtusa,  Joly  &  Leym.  (var.  of  Bia- 

ritzana). 

lieTigata,  Lamk London.     Paris.     Belgium.    Lower 

Pyrenees.  Vicentine.  Mt.  Gar- 
gano  (Naples). 

granulosa,  cTArch Due.  Pyrenees.  Mt.  Gargano  (Na- 
ples).   Asia  Minor. 

crassa,  Boub^e  s=  N,  obtusa,    Alps.     Pyrenees.     Cutch. 

Sow. 

Orbitolites  submedia,  <PArch,=:0.  South  of  France.    Pyrenees.   (Mat- 
PrattH,  Michelin.  see.)    Alps. 

discus.  But South  of  France.     Alps.     Scinde. 

patellaris,  Brunner    Alps. 

stellaris,  Brunner^^Calcarina  Swiss  Alps.  Vicentine.  Nice.  South 

steUata,  d'Arch.  of  Fruice. 

ZOOPHYTA. 

Trochocyathus  bilobatus,  3f.  Ed-    Nice.    Scinde. 

wards  and  J.  Haime,  Ann.  Scien, 

Nat.  3ser.vol.ix.p.  331. 
multisinuosus, M.  Edwards  and    Nice.     Scinde. 

J.  Haime,  ibid,  p,  336. 
near  to  T.  cyclolitoides,  M.  Ed-    Scinde. 

wards  and  J.  Haime,  ibid. 
Trochosmilia  comiculum,  3f.  Ed-    Nice.     Scinde. 

wards  and  J.  Haime,  ibid.  p.  240. 
Stylocsenia  emarciata,  M.  Edwards    Paris.     Scinde. 

and  J.  Haime,  ibid. 
Ceratotrochus  near  to  C.  exaratus,    Scinde. 

M.  Edwards  and  J.  Haime,  ibid. 

Cyclolites  Borsoni,  Michelin Rivalta  (Bormida).    Nice.     Scinde. 

Astnea  radiata,  Lamk Paris.  Vicentine.  Rivalta  (Bormida). 

Meandrina  profunda,  Michelin  ....     Vicentine.     Rivalta  (Bormida). 

Obs. — ^The  ereater  number  of  the  corals  of  the  Vicentine  have  not  yet  been 
compared  wiUi  those  of  other  localities. 
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FowUa.  if,5M-1*tift 

Radiaria. 

Pygorh3rncha8  Cuvieri,  Munst.  sp. .     Paris.    N.  Alps. 

—  subcylindricus,  Ag Trent.    I^rrenees. 

Conodypus  oonoideus,  Lamk,  sp.. .     N.  Alps.  (S.  Alps.)  I^penees.   As- 

turias.  Nice.  Vicenliiie.  Crimea. 
Egypt. 

EcbinocyaiDUS  profundus,  Ag Trent  (S.  Tyrol).    Swiss  Alps. 

Echinolampas  politus,  Ag N.  Alps.     South  of  France. 

subsimilis,  d'Arch Pyrenees.  Trent  (S.  Tyrol).  Cutch. 

Obs, — ^The  number  and  variety  of  the  species  of  Echinoderma,  diiefly 
elongated,  which  are  found  in  the  nummulitic  g[roup  in  the  Alps,  Pyrenees 
and  India,  amounting  to  upwards  of  100  species,  eminently  characterize 
this  formation ;  not  one  of  tnem  being  known  in  the  cretaceous  roeks.  The 
fireatest  number  of  species  belong  to  the  genera  Echinolampas,  Conodypus, 
Pygorhynchus,  Eupatagus,  Hemiaster  and  Schizaster  (see  Agassiz). 

Crustacea. 

Cancer  Sonthofensis Sonthofen,  Bavarian  Alps. 

Obs. — Other  species  of  Crustacea  are  also  abundant  in  the  Alps,  Egypt, 
Scinde,  &c. 

Annelida. 

Serpula  spirubea,  Lamk Paris.    Swiss  and  Bavarian  A^. 

Vicentine.    Asturias. 

CONCHIFERA. 

Cytherea  degans,  Lamk London.    Paris.    Vicentine. 

Venericardia  acuticostata,  Lamk,z=,  Paris.    Vicente. 

F.  Laura,  Brong.= Cardiumsemi' 

granulatwn,  Miinst. 

minuta,  Leym Pyrenees.     Nice.    Egypt. 

Chama  squamosa.  Sow I^ndon.    Bassano. 

Pholadomya  Pusdiii,  Goldf, London?    South  of  France.   West* 

phalia.  Nice.  Vicentine.   Scinde. 

Crassatdla  sulcata.  Sow London.    Schio.    Vicentine. 

Pecten  comeus,  8ow,=P,  subarbi-  London.  Kressenberg.   Swiss  Alps. 

ctUaris,  Miinst. 

plebeius.  Lamk Paris.    Kressenberg.    Swiss  Alps. 

scutidaris,  Lamk Paris.    Kressenberg.     Swiss  Alps. 

Ostrea  sigantea,  Dubois=iO,  latiS'  London.     Paris.     South  of  France. 

^ma,  i)esh.  Nice.  Vicentine.  Alps.  Pyrenees. 

Asturias.    Crimea. 

—  multicostata.  Desk Paris.    Pyrenees.    Nice.    Egypt. 

Terebratulabisinuata,De«A.=T.m6-  Paris,    bessenberg. 

alpina,  Miinst. 
Spondylus  dsalpinus,  Brong Nice.  Sardagna  near  Trent.  (S.  Ty- 
rol.) Vicentine  and  Bavarian  Alps. 

MOLLUSCA. 

Conus  divendformis.  Desk Paris.     Scinde. 

—  stromboides  (=C.  concinnm,    London.    Bassano  and  Vicentine. 

Sow.). 
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Fonila.  LocalitiM. 

Omk  tuberculosa,  Duelos    Paris.    Crimea.    Scinde. 

Voluta  Cithara,  Lamk Paris.    Scinde. 

harpul^  Lamk Paris.    Bassano. 

Bulla  Fortisii,  Bnmg Yicentine.    E^ypt. 

'         striateUa,  Lamk .  Paris.    Yicentine. 

Terebra  Yulcani,  Brong Yicentine.    Scinde. 

Cerithium  gigantenm,  Lamk,  ?  .  • . .  London.     Paris.     Yenetian  Alps. 

Nice.    Crimea.    Scinde,  &c. 

^^-hexagonum,Iiami^.=C.peti^a-    Paris.    Cotentin.    Yicentine. 
gonmm,  Fortis  =  C.  MarascMni, 
Brong. 

comucopis,  Lamk.  =  C  ar-  Paris.    Cotentin.    Yicentine. 

wuUum,  Miinst. 

Rostellaria  fissurella  Paris.    Nice.    Yicentine.    Egypt. 

Strombus  Fortisii,  Brong Yicentine.    Scinde. 

Fnsus  longKYUs,  Lamk, London.  Paris.  Yicentine.  Bassano. 

intortus,  Lamk Paris.    Bassano. 

Neritina  conoidea,  Lamk Paris.  Pyrenees.   S.  Tyrol.  Yicen- 
tine.   Egypt.    Scinde. 

Natica  sigaretina,  Lamk Paris.  Nice.  Yicentine.  Scinde,  &c. 

Pleurotoma  semicolon.  Sow London.    Bassano.    Possagno,  &c. 

undata,  Lamk Paris.    Bassano. 

Melania  costellata,  Lamk Paris.     Swiss  Alps.    Yicentine. 

—  lactea,  Lamk.  =  M.  Stggiit  Paris.    Yicentine. 
Brong. 

Turriteua  Archimedis,  Brong Paris.    Pyrenees.    Egypt. 

imbricataria,  Lamk London.  Paris.  Swiss  iips.  Yicen- 
tine.   Egypt.    Crimea.    Scinde. 

Tittata,  Lamk Paris.     Nice.    Yicentine.     Egypt. 

Scinde. 

Trochus  monilifer,  Lamk Paris.    Scinde. 

agghitinans,  Lamk Paris.    Yicentine.    Scinde. 

Nautilus  ziczac.  Sow London.    Kressenberg.    Matsee. 

Obs. — ^Among  the  fossils  recently  sent  to  me  by  Capt.  Yieary  from 
Subathoo  in  Hindostan,  are  fragments  of  the  lower  jaw  and  teeth  of  a 
small  gavial,  of  which  Plrofessor  Owen  says  :  ''  It  seems  to  have  rather 
rounder  teeUi  than  the  modem  species  in  India,  and  in  this  respect  to 
resemble  our  old  British  eocene  gavial  of  Bracklesham.*'  None  of 
the  other  forms  from  this  Sub-mmalayan  tract  (according  to  Pro- 
fessor E.Torbes,  to  whom  I  referred  them,)  indicate  the  presence  of 
rocks  more  ancient  than  the  nunmiulitic  eocene. 

Under  the  term  Scinde,  &c.  the  reader  may  comprehend  Cabul,  the 
Ponjaub,  the  valley  of  Cashmir,  and  the  Subi-Himalayan  range  to  the 
kinMom  of  Assam.  Mr.  Yigne,  who  explored  Cashmir,  has  shown 
me  Ihnestone  charged  with  nummulites  from  thence. 
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PoBUcript, — In  addition  to  my  own  limited  observations  on  theTrias 
of  the  Venetian  and  S.  Tyrolese  Alps  (p.  1 65),  I  intended  to  have  re- 
ferred my  readers  to  the  illustration  ot  the  rocks  and  fbssOs  of  that 
age  contained  in  the  work  of  Professor  Catnllo,  **  Prodromo  di  Geo- 
gnosia  paleozoica  delle  Alpi  Yenete.  Modena,  1847."  Besides  the 
common  muschelkalk  species  cited  in  the  preceding  pages.  Professor 
Catullo  figures  and  describes  several  new  species,  and  also  the  inter- 
esting triassic  plant  Volttia  brevi/olia  TBrong.).  He  further  enu- 
merates many  fossils  of  the  Jurassic  and  cretaceous  groups  of  that 
r^on,  and  figures  their  Cephalopoda.  I  cannot  pretend  to  decide 
authoritatively  a  point  on  which  this  author  insists — that  certain 
roecies  are  common  to  the  Upper  Jura  and  Neocomian ;  but  whilst 
1  should  be  very  sorry  to  do  injustice  to  so  experienced  a  naturalist 
as  Professor  Catullo,  I  must  repeat,  that  wherever  I  have  examined 
a  tract  in  which  there  was  a  clear  geological  succession,  there  also 
the  accompanying;  zoological  distinctions  indicated  by  M.  de  Zi^;no 
seemed  to  me  to  be  equadly  clear.  In  cases  of  this  nature  everything 
depends  upon  correct  definitions  of  the  relations  and  order  of  the 
strata.  Professor  Catullo  also  describes  five  species  of  nummulites 
from  the  tertiary  rocks  of  the  Yicentine,  but  I  must  leave  others  to 
determine  how  far  these  forms  have  been  named  by  previous  authors. 
In  another  work  (**  Cenni  sopra  il  terreno  di  sedimento  superiore 
Yenezia.  1847.")»  Professor  Catullo  figures  a  number  of  tertiary 
corals. 

I  have  just  received  a  new  geological  map  of  the  environs  of  Vienna 
by  M.  Johann  Czjzek,  in  which  the  author  represents  the  "  Wiener 
Sandstein  *'  as  older  than  the  Alpine  (Jurassic  t)  limestone !  I  have 
not  sufiiciently  re-examined  that  tract  to  be  able  to  controvert  this 
inference,  but  I  firmly  hold  to  the  facts  stated  in  the  preceding 
memoir ;  and  as  the  Bavarian  ''  flysch ''  is  unquestionably,  like  that 
of  Switzerland,  supracretaceous,  it  is  for  the  Austrian  geologists  to 
show  that  their  '<  Wiener  Sandstein  "  is  neither  a  prolongation  of  the 
same  deposit,  nor  even  an  arenaceous  development  of  any  portion  of 
the  cretaceous  system. 
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I.    TRANSACTIONS  AND  JOURNALS. 
Presented  by  the  respective  Societies  and  Editors, 

AcAD^MiE  Royale  des  Sciences  de  Paris,  Comptes  Rendus  de  V, 
Tome  xxvii.  Deux.  Sem. 

Agricultural  Society  of  England  (Royal),  Journal.  Vol.  ix.  pt.  2.  No.  22. 

American  Academy  of  Arts  and  Sciences,  Memoirs.     New  Series, 
vol.  iii. 

American  Journal  of  Science.     Second  Series,  vol.  vii.  No.  19. 

Ashmolean  Society,  Proceedings,  1848.     No.  25. 

Athenaeum  Club,  Rules  and  Regulations. 

AtheQseum  Journal. 

Chemical  Society,  Quarterly  Journal.     No.  5. 

Cornwall,  Royal  Geological  Society  of.  Annual  Report,  1848. 

Dublin  University  Museum,  3rd  Report  on  the  Progress  of  the,  1848. 

France,  Soci^t^  G&>logique  de,  M^moires.     Deux.  S^rie,  tome  iii. 
partie  1 .  Bulletin,  Dexix.  S^rie,  tome  v.  f.  29-32,  tome  vi.  f.  1-1 0. 

Greographical  Society  (Royal),  Journal.     Vol.  xviii.  part  2. 

Indian  Archipelago,  Journal.     Vol.  ii.  Nos.  10,  11  &  12. 

Neuchatel,  Soci^t^  des  Sciences  Naturelles,  tome  ii.  1846-7. 

Newcastle-on-Tyne  Literary  and  Philosophical  Society,  Catalogue  of 
the  Library,  1848. 

Northumberland  Natural  History  Society,  Reports,  1846-7. 

Philosophical  Magazine.     From  R.  Taylor,  Esq.,  F.G.S. 

Royal  Society  of  Edinburgh,  Transactions.     Vol.  xvi.  part  4,  and 
vol.  xviii. 

,  Proceedings.    Vol.  ii.  Nos.  31  and  32. 
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St.  P^rsboorg,  Acaddmie  Imp^riale  des  Sciences,  M^moirei,  6*~ 
S^rie,  tome  vi.  yii.  &  yiii.  Bnlletin  de  la  Classe  Physioo-Ma- 
th^matique,  tome  v.  &  yi. 

Torino,  Reale  Accademia  delle  Scienxe  di,  Memorie.  Serie  2,  tomo 
vii.  Tiii.  &  ix. 

Vandoise  Sod^  Bidletin.    No.  19. 

Wi^i,  Berichte  uber  die  Mittheilmigen  von  Freunden  der  Natnrwis- 
senschaften.  Band  4.  Nos.  1-6,  1848. 

,    Natarwisaenscliaftliche  Abhandlmigen,  ffesammelt  und  he* 

rausg^ben  von  Wilhelm  Haidinger.     Band  2. 

n.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  in  italics  presented  by  Authors, 

Agassiz,  Prof.  L.  Lectures  on  Embryology  in  1 1  Nos.  of  the  **  Ame- 
rican Traveller"  newspaper.     Fr<mi  Sir  Charles  Lyell,  P.0.8. 

Ansted,  D.  T.    The  Gold-Seeker's  Manual. 

Bellardii  Luigi.    Monografia  delle  Columbelle  Fossili  del  Piemonte. 

Bunbury,  C.  J.  F.   Journal  of  a  Residence  at  the  Cape  of  Good  Hope. 

Carpenter,  W.  B.,  M.D.     Shell. 

Caryalho,  J.  P.  B.  de.  Consideracdes  Geraes  sobre  a  Constitui^io 
Geologica  do  Alto-Douro.     From  D.  Sharpe,  Esq.,  F.G.S. 

Dent,  E,  J.    Treatise  on  the  Aneroid  Barometer. 

Howard,  Luke.  Barometrographia,  parts  4  and  5.  Edited  by  E.  W. 
Brayley,jun,,  Esq.,  F.G.S. 

Humboldt,  Alexandre  de.  Essai  Politique  sur  le  BOTaume  de  la  Nou- 
yelle-Espagne.  2  yols.  and  atlas.  From  Alfred  Tyler,  Esq.,  F.O.S. 

Jerwood,  James.    A  Lecture  on  the  New  Planet  Neptune. 

.     On  some  New  Fossil  Fish  of  the  Carboniferous  Period. 

M'Coy,  F.  On  some  New  Ichthyolites  from  the  Scotch  Old  Red 
Sandstone. 


On  some  New  Mesozoic  Radiata. 


Oldham,  Prof.  Address  at  the  Opening  Meeting  of  the  Geological 
Society  of  Dublin,  1848. 

Palfr^,  J.  G.  Statistics  of  the  Condition  and  Products  of  certain 
Branches  of  Industry  in  Massachusetts.  From  Prof.  H.  D. 
Rogers,  For.  M.G.8. 

Phillips,  John,  llioughts  on  Ancient  Metallurgy  and  Mining  in 
Brigantia  and  other  parts  of  Britain. 

Ramsay,  A.  C.    Passages  in  the  History  of  Geok^. 
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January  3,  1849. 

The  foUowing  communicatioiis  were  read : — 

1 .  Notice  an  the  Occurrence  of  Eocene  Freshwater  Shells  at  Beau- 
LiBV,  Langlby,  ^c,  in  Hampshire.  By  J.  C.  Moore,  Esq., 
Secretary  Geol.  Soc. 

Being  lately  in  the  neighhourhood  of  Beaulieu,  on  the  eastern  boun- 
dary of  the  New  Forest,  I  had  opportunities  of  ascertaining  that  the 
fluyio-marine  beds  of  the  Isle  of  Wight  and  of  Hordwell  Clifif  extend 
further  eastward  than  has  hitherto  been  noticed. 

From  the  BeauHeu  riyer  to  the  Southampton  Water,  a  distance  of 
about  four  miles,  the  country  is  a  low  flat  moor  coyered  with  heather : 
by  following  the  coast  from  the  mouth  of  the  Beaulieu  riyer  to  Eagle- 
hurst,  it  wffl  be  seen  that  the  lowest  bed  is  a  purplish  clay  covered 
by  a  grey  sandy  clay,  both  of  which  are  nearly  concealed  at  high- 
water  ;  on  these  repose  yellow  sands,  interstratified  with  pebbly  beds, 
the  whole  being  coyered  by  a  diluvium  of  flint  shingle.  The  beds 
rise  gently  to  the  west,  and  more  perceptibly  to  the  north. 

The  yellow  sands  are  without  fossils,  but  the  clays  in  the  following 
localities  contain  them. 

Ist.  On  the  west  side  of  the  Beaulieu  river,  between  St.  Leonard's 
and  Bucklershard,  I  found  casts  of  Lymnaus  longiscatua  in  a  grey 
clay,  reposing  on  purple  clay. 
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2nd.  Across  the  river,  in  a  brick-field  about  one  mile  above  Exbnrj, 
I  found  fragments  of  shells  in  a  similar  grey  clay,  reposing  on  purple 
clay. 

3rd.  Close  to  Beaulieu,  on  the  east  side  of  the  river,  in  a  brick-field, 
I  obtained  the  following  section : — 

Soil  and  diluvium ;  brown  clay,  2  feet ;  sandy  day,  3  or  4  feet ; 
yellow  and  light-coloured  sand. 

The  sandy  clay  contained  a  seam,  three  or  four  inches  thick,  of  very 
perfect  specimens  of  Cyrena  obovata  and  Melania  coatata^  together 
with  a  few  broken  specimens  of  Cythertea  incrassata  and  an  Chtrea. 
About  a  foot  below  this  seam  of  shells  was  a  very  thin  seam  of  broken 
fragments  of  the  same  Ostrea  and  C3rther8ea. 

4  th.  About  one  mile  and  a  half  eastward,  near  the  village  of 
Langley,  a  brook  running  parallel  to  the  Beaulieu  river  affords  the 
following  section : — 

Diluvium ;  ferruginous  clay,  2  or  3  inches ;  greenish  clay  with 
vegetable  impressions,  2  or  3  feet ;  sandy  loam  with  v^etable  im- 
pressions ;  stiff  clay  without  fossils,  6  or  7  feet ;  bed  of  nodules  of 
ferruginous  clay  containii^  casts  of  Lymtueus  longiseatus,  Melania 
coatata,  a  Natica,  Cyrena  i  and  a  Nucula  ?  The  lowest  bed  seen  waa 
a  greenish  marl  vrith  very  perfect  specimens  of  Cythercea  incrasaata. 

5th.  About  half  a  mile  to  the  north,  on  the  same  brook,  I  found 
in  an  old  marl-pit  the  same  green  marl  with  the  Cytheraea. 

Still  further  east,  about  one  mile  and  a  half  from  Hythe,  on  the 
road  to  Eaglehurst,  a  grey  clay  used  for  brick-making  is  seen  covered 
by  a  considerable  depth  of  the  yellow  sand ;  but  I  could  not  find  any 
fossils  in  it. 

I  suspect  these  fluvio-marine  beds  do  not  extend  much  further  to 
the  north ;  for  on  the  opposite  side  of  the  Southampton  Water,  half 
a  mile  below  Netley  Abbey^  I  found  a  low  cliff  consisting  of  grey  sandy 
clay  vrith  marly  concretions  like  septaria,  abounding  in  shells  of  tlie 
genera  Turritella,  Corbula,  Pecten,  Pinna,  Boatellarial,  Fumut, 
F'olutal,  Pholachmyal,  and  no  mixture  of  freshwater  shells, — a 
group  which,  by  consulting  Mr.  Prestwich's  lists  of  fossils,  seems  to 
belong  to  some  part  of  the  Bracklesham  Bay  series. 

I  have  thought  it  worth  while  to  mention  the  occurrence  of  diese 
fluvio-marine  beds  over  this  tract,  as  it  might  otherwise  haye  been  re- 
ferred to  the  upper  and  middle  bedsof  the  Bracklesham  series,  to  which, 
judging  by  Mr.  Prestwich's  description,  they  have  great  resemblance. 
Bom  consist  of  a  series  of  yellow  sands  overlying  purplish  day  and 
greenish  sand :  and  as  that  geologist  has  shown  that  the  lower  and 
middle  divisions  of  the  series  come  to  the  siuAce  at  Southampton 
with  a  southerly  dip,  it  might  have  been  believed  that  the  district  to 
the  south,  which  I  have  tned  to  describe,  was  part  of  the  middle  and 
upper  members  of  that  formation.  The  fbssils,  however,  indicate 
that  these  beds  are  higher  in  the  series,  and  make  it  probable  that 
the  upper  Bracklesham  beds  crop  out  at  some  intermediate  point ; 
and  of  this  there  seem  to  be  indioatioiis  in  the  marine  beds  near 
Netley  Abbey. 
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2.  Further  Observations  on  the  Geology  of  Ridgway  near  Wey- 
mouth.   By  Charles  H.  Weston,  Esq.,  B.A.,  F.G.S. 

[Jbstract,'] 

In  hb  former  paper  on  this  subject*  Mr.  Weston  endeavoured  to 
show  the  existence  of  the  Hastings  sand  at  Ridgway.  He  has  since 
▼isited  the  Tarious  sections  of  the  Wealden  between  Hastings  and 
Lulworth,  and  then  re-examined  the  railway  cutting  at  Ridgway,  and 
the  result  has  been  to  confirm  his  former  views.  He  finds  that  the 
vari^ated  clays,  loams  and  sands  exhibited  in  the  latter  locality  are 
by  no  means  local,  but  occur  also  in  Kent,  in  the  south  of  Sussex,  in 
the  Isle  of  Wight  and  in  Dorset ;  and  he  has  recently  observed  them 
on  the  Brighton  and  London  Railway  near  Balcombe.  In  Sussex 
these  varie^U«d  clays  form  a  very  subordinate  part  of  the  formation, 
but  are  more  developed  in  the  counties  to  the  west. 

In  his  concise  but  masterly  '  Geological  Sketch  of  the  Vicinity  of 
Hastings,*  Dr.  Fitton  notices  the  "  ^eenish  and  purplish  variegated 
clay"  and  sand  visible  at  Leaness  Point,  between  Hastings  and  Win* 
chelsea.  They  Ue  beneath  a  stratum  which  Mr.  Webster  describes 
as  a  sandstone  intersected  by  numerous  veins  of  argillaceous  iron  ore, 
and  rest  on  a  dark-coloured  shale  also  containing  several  layers  of 
rich  iron  ore,  formerly  much  worked  in  Sussex.  These  lowest  shales 
are  placed  by  Dr.  Mantell  in  the  upper  part  of  the  Ashbumham 
beds.  Dr.  !^tton  also  points  out  the  anticlinal  axis  passing  from 
the  shore  near  Leaness  through  the  highest  point  of  Fairlight  Down 
to  Battle,  the  strata  dipping  awav  from  it  on  both  sides. 

Mr.  Weston  has  himself  found  similar  ferruginous  and  variegated 
da^  and  sands  in  a  hill  beyond  Ham  Street  on  the  Rye  and  Ashford 
Railwav,  and  near  Hastings  at  Bopeep,  west  of  St.  Leonard's,  and  at 
Bexhill.  He  next  found  them  at  Sandown  Bay  in  the  Isle  of  Wight, 
and  also  between  Atherfield  and  Afton  Downs.  The  clays  contain 
no  fossils  but  the  Cypris  valdensis  and  Paludinn  in  some  associated 
beds. 

"  The  next  appearance  of  the  Hastings  sand  is  at  Swanage  Bay 
in  Dorset,  emergmg  from  under  the  very  steep  escarpment  of  Ballard 
Downs.  The  entire  group  was  in  this  place  more  varied,  and  con- 
sisted of  a  greater  number  of  alternations  of  sands  and  clays  than  I 
found  in  the  Isle  of  Wight.  It  appeared  in  consequence  to  combine 
in  miniature  the  more  extensively-developed  arenaceous  deposits  of 
Hastings  and  the  almost  exclusive  argillaceous  strata  of  the  south- 
west  coast  of  the  Isle  of  Wight. 

"  The  variegated  clays  are  identical  with  those  of  the  latter  and  of 
Ridgway.     I  could  however  discover  no  fossils  in  them. 

"  The  Chalk  Downs  (of  which  Ballard  Down  forms  the  south* 
eastern  extremity)  run  across  the  Isle  of  Furbeck  and  terminate  in 
the  fine  bluff  chff  of  Furbeck  Hill  on  the  east  of  Lulworth.  The 
sections  below  Pnrbeck  Hill  are  those  of  Worbanrow  Bay  on  the  east 

*  Quut.  OeoL  Jouni.  voL  iv.  p.  245. 
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of  the  chalk  and  Mewp  Bay  on  the  west,  of  which  I  only  visited  the 
former. 

"  The  Hastings  sands  of  Worbarrow  Bay  consbt  of  a  considerable 
admixture  of  clays  and  sandstones.  The  latter  appear  to  aboand 
here  more  than  at  Swanage  Bay.  The  clays  possess  the  peculiar  cha- 
racter and  colours  of  those  at  Ridgway,  but  some  of  their  colours 
are  rather  more  vivid.  The  colour  of  the  sandstones,  from  the  great 
abundance  of  the  ferruginous  base,  is  in  many  places  intense.  I 
could  not  discover  any  organized  remains  in  these  clays.  I  think 
no  one  who  has  examined  this  part  of  Dorset,  and  has  traced  the 
base  of  the  chalk  escarpment  from  Ballard  Down  to  Purbeck  Hill, 
can  fail  to  be  convinced  of  the  correctness  of  Dr.  Fitton's  view,  and 
to  feel  satisfied  of  the  continuity  of  the  Wealden  formation  right 
across  the  peninsula  of  Purbeck. 

He  next  visited  Lulworth  Cove,  where  the  general  appearance  of 
the  Hastings  sand  is  similar  to  the  locaUties  we  have  already  de- 
scribed. Not  far  from  this  place  is  the  last  coast  exhibition  of  the 
Wealden  formation  in  Man-of-War  and  Durdle  Coves.  These  are 
separated  from  each  other  by  a  short  isthmus,  which  has  been  pro- 
tected by  a  rock  of  greatly-inclined  strata  of  Purbeck  stone,  and  is 
composed  of  the  Wealden  very  condensely  and  vertically  developed. 
From  this  isthmus  we  see  the  eastern  side  of  Man-of-War  Cove, 
which  appeared  evidently  to  consist  of  Hastings  sand.  That  point 
and  the  isthmus  are  clearly  the  remnants  of  a  once  continuous  mass. 
The  west  side  of  Durdle  Cove  is  composed  of  chalk  which  here  abuts 
upon  the  sea,  and  runs  uninterruptedly  along  the  coast  to  the  high 
point  of  White  Nore,  whence  it  trends  inland. 

In  all  these  sections  the  variegated  clays,  loams  and  sands  were 
identical  in  character  with  the  Ridgway  deposit.  In  this  section, 
which  he  visited  the  following  day,  Mr.  Weston  "  traced  the  Purbeck 
beds  to  their  first  uninterrupted  termination,  which  consisted  of  calc 
grit  with  Purbeck  fossils.  Beyond  this  were  clays,  and  then  alter- 
nations of  the  calc  grit  and  clays,  and  ultimately  the  Hastings  bed 
exclusively.  This  section  therefore  exhibits  the  same  features  which 
Dr.  Fitton  has  observed  respecting  other  sections  of  the  Wealden, 
showing,  Ist,  the  continuity  and  sequence  in  the  deposition ;  and, 
2ndly,  the  quiet  process  of  such  deposition.  Hence  we  have  the 
most  satisfactory  evidence  that  the  beds  overlying  the  Purbeck  fol- 
lowed in  regular  succession,  and  were  in  fact  rather  a  continuation  of 
them." 

On  the  whole  Mr.  Weston  concludes  not  only  that  the  variegated 
clays  of  Ridgway  Hill  really  belong  to  the  Hastings  sand  formation, 
but  that  their  geognostic  position  is  in  the  lowest  part  of  the  Worth 
and  Tilgate  group,  separating  it  from  the  inferior  Ashbumham 
beds. 

Mr.  Weston  also  mentions  that  he  found  the  Purbeck  deposits  to 
extend  as  far  west  as  the  end  of  the  Corton  Range,  and  tnerefore 
spreading  co-extensively  with  the  Portland  ooUte  to  the  vicinity  of 
Portisham. 

In  regard  to  the  attempt  to  explain  the  sixigolar  interposition  of 
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the  Oxford  clay  between  the  Wealden  and  the  cretaceous  series  as 
resulting  from  a  drift,  he  remarks : — 

''  1st.  That  I  could  not  perceive  in  the  fossils  those  marks  of 
abrasion  which  would  indicate  their  having  been  drifted. 

"  2ndly.  That  the  Oxford  clay  has  considerable  depth.  It  has 
already  been  penetrated  to  the  depth  of  about  sixty  feet  without 
reaching  its  termination. 

"  3rdly.  That  the  vertical  surface  of  the  wall  of  chalk  is  hardly 
consistent  with  the  natural  results  of  previous  diluvial  action  in  that 
locality.     And, 

**  ^thjj*  In  many  places  the  theory  of  a  drift  may  involve  no  phy- 
sical difficulties.  But  at  Ridgway  this  idea  woula  involve  serious 
objections.  Whence,  it  might  be  asked,  could  the  Oxford  clay  have 
been  drifted  ?  The  Oxford  clay  of  Ridgway  is  about  200  feet  above 
that  of  Weymouth ;  and  the  next  exhibition  of  that  bed  on  a  higher 
level  would  be  at  Little  Brcdy  near  Abbotsbury  Common,  at  a  di- 
stance of  between  five  and  six  miles,  and  at  a  level,  I  apprehend, 
certainly  far  below  that  of  Ridgway.  Whatever  difficulties  may 
therefore  be  supposed  to  attach  to  tlie  theory  which  I  have  ventured 
to  propose,  wiU  not,  I  think,  be  diminished  by  the  suggested  expUca- 
tion  of  a  drift.  I  have  also  satisfied  myself  by  repeated  and  careful 
examination  that  the  section  contains  no  double  fault." 


3.  On  a  Siliceous  Zoophyte,  Alcyonites  parasiticum. 
By  J.  S.  BowERBANK,  Esq.,  F.R.S.  G.S.  &c. 

Parkinson  in  his  'Outlines  of  Oryctology'  has  applied  the  term 
Alcyonites  to  designate  those  fossils  which  were  supposed  to  have 
been  polypiferous  animals  alUed  to  the  recent  genus  Alcyonium,  I 
have  therefore  adopted  that  name  as  being  the  best  designation  of  the 
fosssil  I  am  about  to  describe,  although  there  is  an  objection  to  the 
term  from  the  very  indefinite  and  promiscuous  manner  in  which  it 
has  been  formerly  used  by  authors ;  and  Mr.  Morris,  possibly  for  the 
same  reason,  has  judiciously  excluded  it  from  his  '  List  of  British  Fos- 
sils.' However  that  may  be,  in  the  present  case  it  is  appUed  strictly 
in  accordance  with  the  correct  definition  of  the  recent  genus  Alcy^ 
onium  given  by  Dr.  Johnston  in  the  second  edition  of  his  excellent 
and  beautiful  *  History  of  British  Zoophytes.* 

The  fossil  which  forms  the  subject  of  this  memoir  is  not  in  its 
natural  and  immutilated  condition,  but  is  a  portion  of  the  animal  con- 
tained in  a  small  slab  of  agate  1  j-  inch  long  by  Ij-  wide,  such  as  are 
commonlv  mounted  in  ladies'  brooches.  I  obtained  it  from  a  dealer 
along  with  a  considerable  number  of  specimens  of  what  are  generally 
designated  as  Moss  Agates.  It  is  represented  of  the  natural  size, 
Plate  YIII.  fig.  1,  and  a  fibre  magnified  100  diameters  by  fig.  2. 


Digitized  by  VjOOQIC 


320  PROCBEDIN68  OF  THE  GEOLOGICAL  SOCIETY.        [Jan.  3, 

AlCYONITES  PARASmCUM. 

Poljpidom  fleshy,  parasitic,  incrustin^  nuunmillated.  Cells  nmne- 
rous,  protuberant,  scattered.  Polyp.  Tentacula  short,  cylindrical, 
smootn,  tapering  to  an  obscure  point. 

At  the  first  view  of  the  agate  my  attention  was  arrested  by  the 
great  size  of  the  fibres  contained  within  it,  which  vaiy  from  -nr  to  -|i^ 
of  an  inch  in  diameter,  and  on  placing  it  beneath  a  microscopic  power 
of  100  linear,  I  was  at  once  struck  by  their  extraordinary  hirsute 
appearance. 

The  mass  of  the  polypidom  appears  to  hare  been  of  a  fleshy  tex- 
ture, and  semi-transparent  like  that  of  Aleyonidium  gelatinogum  of 
our  own  coast.  It  is  built  around  the  fibres  of  a  species  of  FerongtOy 
and  the  tubular  fibres  of  the  sponge  are  in  many  places  in  a  beautiful 
state  of  preservation.  A  portion  of  one  of  these  is  represented  by 
fig.  3.  Plate  VIII.  Each  fibre  is  not  separately  surrounded  by  the 
fleshy  substance  and  ceUs  of  the  parasite,  as  would  be  the  case  if  it 
were  a  Gorgonia,  but  it  often  occurs  that  sereral  fibres  are  included 
within  one  circle  of  polyp  cells,  and  the  contained  sponge  fibres  fre- 
quently pursue  a  tortuous  course,  while  the  fleshy  body  of  the  Alcyo- 
nite  does  not  follow  their  contortions,  but  surrouniu  them  in  the 
form  of  a  large  regular  cylinder. 

The  surface  of  the  polypidom  presents  a  strongly  mammillaced  or 
tuberculated  appearance.  The  mammillae  are  not  arranged  in  any 
definite  mode,  but  are  scattered  without  order,  thickly  oyer  the  whole 
of  the  surface.  They  vary  in  diameter  from  -^  to  yj-y  of  an  inch, 
and  are  usually  elevated  about  half  the  amount  of  their  own  diameter 
above  the  outer  surfiice  of  the  polypidom. 

Within  each  of  the  mammillee,  at  a  depth  of  about  a  fourth  part  of 
their  own  diameter,  there  is  a  somewhat  irregularly-formed  globular 
cavity,  and  usually  within  this  there  is  a  single  small  opaque  black 
mass,  which  from  its  comparative  size  and  uniformity  has  probably 
been  the  remains  of  the  gizzard  of  the  polyp '*'. 

The  outer  surface  of  the  mammillae  is  usually  more  or  less  semi- 
globular,  but  it  is  frequently  the  case  that  its  apex  is  flat  and  some- 
what depressed  in  the  centre,  so  that  a  section  of  it  in  the  direction 
of  its  axis  would  present  three  sides  of  a  right-angled  figure,  having 
the  angles  slightly  rounded  off  and  the  centre  of  the  upper  line 
slightly  depressed.  Under  these  conditions  it  resembles  clo^ly  the 
appearances  presented  by  the  polyp  cells  of  the  recent  Alcyonium 
digitatum  of  our  own  coast,  when  tne  polyps  are  in  a  semi-extruded 
condition,  and  the  semi-globular  appearance  would  be  the  condition 
of  the  recent  polyp  when  still  further  vnthdravm  within  their  poly* 
pidom.  These  states  of  the  mammillae  of  the  fossil  are  represented  by 
fig.  4.  Plate  Vm. 

It  is  possible  that  this  mammillated  appearance  of  the  surface  of  the 

*  Ab  the  nature  of  this  body  cannot  be  determined  with  eerttinty,  I  have  thought 
it  better  to  refer  the  animal  to  the  established  ^enus  Jtcj/onUet  than  to  form  a 
l^ew  ^nns  for  its  reception. 
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poljpidcmi  is  not  its  natural  character,  but  has  been  induced  by  the 
exnaustion  and  subsequent  death  of  the  animal,  having  prevented 
their  complete  withdrawal  within  the  poljpidom. 

Each  of  the  mammillae  is  furnished  with  a  number  of  smooth  cylin- 
drical tentacula  averaging  j^  of  an  inch  in  leneth ;  their  diameter 
at  the  base  is  xsV?  ^^^>  '^"-  ^^^7  decrease  gradually  thence  to  the 
apex,  terminating  m  a  blunt  {H>int.  No  portion  of  the  surface  of 
the  polypidom  is  furnished  with  these  organs  excepting  the  mam- 
millae. 

The  tentacula  present  every  appearance  of  perfectly  flexible  organs ; 
no  semblance  of  rigidity  exists,  but  they  are  bent  and  curved  in  an 
ea^  flowing  manner  in  every  possible  form  and  direction. 

The  animal  is  similar  in  structure  to  Prof.  Edward  Forbes's  genus 
Sarcodietyon,  but  it  has  not  the  regularity  in  the  disposition  of  the 
cells  whicli  exists  in  that  genus. 

In  the  tuberculated  surface  of  the  polypidom  it  much  resembles 
that  of  Sarcochitum  polyoum ;  but  the  habit  of  the  animal  is  exactly 
that  of  Alcytmidium  parasitieum  of  our  own  coast,  specimens  of  whicn 
I  have  frequently  taken  at  Scarborough,  surrounding  the  slender 
stems  of  Sertularia  and  other  zoophytes. 

Nearly  the  whole  of  the  animal  within  the  agate  is  in  a  beautiful 
state  of  preservation,  but  there  are  a  few  spots  wnich  present  evidence 
of  the  commencement  of  decomposition,  by  the  detachment  of  groups 
of  cells  from  the  mass  of  the  polypidom ;  in  these  cases  the  remains 
of  the  tentacles,  as  might  be  expected,  are  very  rarely  to  be  seen ; 
and  the  disrupted  mass  is  totally  without  the  sponge  fibre. 

The  envelopment  of  a  tooth,  a  bone,  or  of  hard  calcareous  bodies 
such  as  shells,  aflbrd  no  definite  mformation  regarding  the  time  ne- 
cessary to  accomplish  such  an  operation.  The  investment  even  of 
such  bodies  as  the  rigid,  endurable  homy  fibres  of  that  tribe  of  sponges 
which  are  usually  to  be  observed  imbedded  in  flints,  cherts,  and  moss 
agates,  give  also  a  considerable  range  of  time  to  accomplish  the  fos- 
smzation ;  but  when  we  see  such  a  soft  and  perishable  substance  as  the 
fleshy  body  of  the  living  Alcyonidte,  and  such  delicate  organs  as  the  ten- 
tacula of  the  polyps,  thus  preserved  with  such  evident  appearances 
of  freshness  and  perfection,  I  own  that  it  excites  in  me  the  greatest 
astonishment  that  there  should  have  been  so  rapid  a  deposit  of  sili- 
ceous matter  as  must  evidently  have  taken  place,  thus  to  entomb  the 
animid  in  such  a  condition  as  proves,  that  at  the  utmost  but  a  few 
days  must  have  elapsed  before  it  was  so  far  incrusted  as  to  completely 
preserve  the  form  and  position  of  the  animal,  not  by  a  sudden  im- 
mersion in  supposititious  siliceous  paste  impounding  it  instantly  in  its 
full  vigour,  but  after  a  slow  and  gradual  decease ;  for  this  condition 
which  I  have  described,  of  semi-protrusion  of  the  tentacyda,  is  that 
with  which  every  one  acquainted  with  recent  zoophytes  in  a  living 
condition,  is  so  familiar  as  an  indication  of  slow  and  undisturbed  death 
by  exhaustion.  In  this  condition  of  semi-protrusion  I  have  seen  the 
animals  of  Alcyonium  diffitatum,  Alcyontdium  parasiticum,  Cary(h 
phyllea  SmitMi,  and  numerous  species  of  Sertularia  and  other  zoo- 
phytes, die»  if  allowed  to  do  so,  without  interference ;  but  if  touched 
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or  disturbed,  the  tentacula  are  slowly  withdrawn  and  never  again  ex- 
truded. 

It  does  not  appear  to  me  to  be  necessary  for  the  production  of  s 
fossil  that  the  whole  of  the  silex  should  have  been  deposited  imme- 
diately. We  may  readily  imagine  that  after  the  rapid  deposition  of 
the  first  portion,  induced  by  the  full  exposure  of  the  animal  matter, 
and  the  consequently  strong  elective  attraction  exerted  by  the  animal 
for  the  earthy  particles,  that  the  remainder  of  the  deposit,  the  filling- 
in  of  the  interstices  of  the  network,  would  be  more  slowly  and  rega- 
larly  completed  in  accordance  with  the  laws  of  crystallization,  as  we 
find  that  from  the  surface  of  this  animal  there  are  the  same  series  of 
crops  of  radiating  calcedonic  crystals  that  characterize  the  structure 
of  the  great  mass  of  the  moss  abates  which  I  have  described  in  my 
paper  on  those  bodies  published  m  the  '  Annals  and  Magazine  of  Na- 
tural History,'  vol.  x.  page  9.  This  prismatic  semi-crystallization,  if 
we  may  reason  from  analogies  afforded  by  the  phsenomena  of  crystal- 
lization displayed  by  salts  formed  by  acids  with  earthy  or  metallic 
bases,  is  a  rapid  and  perhaps  irregular  operation,  compared  with  the 
slow  formation  of  the  regular  and  well-defined  crystals  of  the  respects 
ive  substances  under  consideration,  and  which  crystals  are  probably 
produced  without  the  interference  of  any  other  agent  than  that  which 
IS  necessary  for  their  own  construction.  However  that  may  be,  it  is 
certainly  quite  a  different  operation  from  the  merely  mechanical  de- 
posit of  the  silex  from  the  Geysers  of  Iceland  or  other  such  thermal 
springs,  the  waters  of  which  are  charsed  with  a  considerable  quantity 
of  the  earth  in  solution.  I  have  been  mvoured  by  Mr.  C.  C.  Babineton 
with  specimens  of  the  silex  deposited  by  the  water  of  the  Great  Gey- 
ser, which  were  procured  by  lumself  during  a  recent  visit  to  Iceland, 
and  I  have  carefully  examined  and  compared  it  with  numerous  speci- 
mens of  agates,  cherts  and  flints,  but  this  sihceous  substance  is  not 
hke  the  latter  bodies,  formed  in  every  instance  more  or  less  of  fibrous 
crystalline  structure.  Not  a  vestige  of  such  an  arrangement  of  its 
particles  could  be  discovered :  it  was  purely  amorphous,  like  a  mass 
of  melted  glass.  In  this  form  under  some  circumstances  it  is  simply 
a  deposit  arising  from  the  evaporation  of  the  water,  and  in  otner 
cases  it  probably  arises  from  the  rapid  disengagement  of  the  excess 
of  carbonic  acid  in  solution ;  in  either  case  it  b  most  probable  that 
the  silex  thus  solidified  would  present  only  the  glacial  form  of  that 
deposited  by  the  Geysers ;  but  if,  on  the  contrary,  the  deposit  be  in- 
duced by  the  modified  and  slow  exertion  of  chemical  affinity,  then  it  is 
probable  that  the  silex  would  assume  a  form  which  approaches  that 
of  its  normal  condition  of  crystallization ;  and  that  this  would  be  the 
case  b  rendered  most  Ukely  from  the  phsenomena  which  we  observe 
ill  the  crystallization  of  nitrate  of  potass  and  other  salts  during  slow 
evaporation  beneath  the  microscope  assisted  by  the  apparatus  ror  the 
polarization  of  light. 

If  we  view  solutions  of  salts  imder  these  circumstances,  we  do  not 
observe  the  production  of  the  crystals  to  be  a  slow  and  continuous 
operation ;  on  the  contrary,  they  are  produced  suddenly  and  at  intervals. 
We  observe  a  single  long  prismatic  crystal  rapidly  produced  before 
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the  eye,  as  if  the  blade  of  a  sword  were  deliberately  passed  through 
the  solution,  and  this  under  the  influence  of  the  polarizing  apparatus 
exhibits  perhaps  a  uniform  green  colour  according  to  the  thickness 
of  the  crystal ;  after  this  there  is  a  cessation  of  action  for  a  period, 
and  then  another  layer  of  the  substance  of  the  salt  passes  over  the 
surface  of  the  crystal  from  its  base  to  its  summit,  and  it  then  becomes 
as  universally  and  vividly  pink  as  the  first  layer  was  green,  and  thus 
layer  after  layer  is  added  and  the  colours  continue  to  alternate  until 
the  action  ceases. 

Within  the  boundaries  of  the  fossilized  body  of  the  Alcyonium 
there  are  no  appearances  of  crystalline  arrangement,  but  it  is  im- 
mediately on,  or  slightly  without  the  outer  surface,  that  the  first 
crop  of  crystals  is  based,  and  the  succeeding  one  follows  from  the 
apices  of  the  first,  and  so  on,  crop  succeeding  crop,  until  the  inter- 
vening spaces  are  entirely  filled  up.  Sometimes  the  force  of  the 
projected  crystals  has  been  sufficient  to  thrust  before  them  a  con- 
siderable quantity  of  the  substance  of  the  organic  matter  in  course  of 
fossilization,  which  is  finally  crushed  into  a  dense  mass  between  the 
opposed  crops  of  crystals,  when  their  apices  meet.  Such  is  frequently 
seen  to  be  the  case  in  masses  of  fossilized  wood,  both  siliceous  and 
calcareous,  and  the  force  exerted  by  crystallization  is  evidently  for- 
ward, and  in  no  case  that  I  have  seen  is  it  backward ;  for  the  tissues 
at  the  bases  of  the  respective  crops  of  crystals  show  not  the  slightest 
evidences  of  compression,  while  the  cellular  and  vascular  structures, 
at  the  junction  of  the  opposed  bodies  of  crystals,  exhibit  every 
evidence  of  having  been  forcibly  driven  forward,  and  finally  com- 
pressed into  a  soUd  opaque  mass,  affording  only  sufficient  evidence 
of  structure  to  be  certain  of  the  nature  of  the  material. 

These  phsenomena,  it  will  be  observed,  accord  with  the  mode  of 
the  production  of  prismatic  crystallization  which  I  have  described  as 
occurring  beneath  the  microscope ;  thus  rendering  it  highly  probable 
that  the  calcedonic  crystallization  of  silex  is  an  operation  achieved  in 
very  much  less  time  than  may  have  been  imagined. 

After  a  period,  the  tendency  to  produce  crops  of  calcedonic  crystals 
appears  to  cease,  and  hollow  spaces  remain,  which  are  completely 
bounded  by  the  apices  of  the  last  crop  of  crystals ;  and  these  spaces, 
and  the  cessation  of  prismatic  crystallization,  are  probably  produced 
by  the  complete  exclusion  of  further  portions  of  silex  in  solution : 
but  at  other  times,  in  Ueu  of  the  spaces,  we  find  a  soHd  mass  of 
regular  crystals  of  quartz ;  and  in  this  case  it  is  probable  that  the 
surrounding  fluid,  holding  silex  in  solution,  had  access  to  the  cavity, 
formed  by  the  apices  of  the  last  crop  of  calcedonic  crystals,  through 
some  minute  opening,  so  that  a  continuous  but  slow  change  of  the 
fluid  took  place  in  accordance  with  the  laws  of  endosmose,  as  soon  as 
the  silex  was  deposited  within. 

These  views,  regarding  the  deposit  of  silex  in  solution,  are  to  a  con- 
siderable extent  confirmed  by  an  interesting  fact  communicated  to  me 
by  my  friend  Mr.  Warren  De  la  Rue,  who  found  minute  crystals  of 
silex  deposited  on  the  inner  surface  of  a  phial,  which  contained  tbe 
residuum  of  an  analysis  in  which  there  remained  some  of  that  earth 
in  solution. 
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On  examining  these  crystals  by  a  microscopic  power  of  500  linear, 
I  was  much  interested  on  finding  that  not  only  were  regular  crystals 
of  silex  present^  but  that  the  calcedonic  form  of  deposit  was  also 
apparent  in  the  form  of  filmy  plates,  composed  of  two  and  sometimes 
three  distinct  crops  of  the  characteristic  acicular  crystals  of  that  form 
of  deposit*. 

We  are  &miliar  with  the  solid  condition  of  silex>  as  it  exists  in 
masses  where  the  deposit  has  been  induced  by  the  presence  of  organic 
matters,  as  well  as  in  those  in  which  the  influences  are  purely  mineral, 
as  in  the  agates  of  the  igneous  rocks ;  but  in  both  cases  to  a  certain 
extent  the  phsenomena  are  identical,  as  far  as  r^ards  the  calcedoniced 
portions  of  the  masses.  In  the  first  instance,  the  soHdified  and  en* 
cased  organic  matters  form  the  nuclei  whence  the  first  crops  of 
crystals  spring.  In  the  second,  the  parietes  of  perhaps  an  accidental 
cavity  in  the  mass  of  the  igneous  rocK,  famishes  a  base  for  a  similar 
crop  of  crystals ;  aud  subsequently,  in  both  cases,  the  deposit  appears 
to  progress  uninfluenced  by  any  other  agencies  than  what  are  in  ac- 
cordance with  those  which  are  purely  mineralogical. 

But  whence,  it  may  be  asked,  come  the  enormous  quantities  of 
silex,  which  have  entered  into  the  structure  of  fossils  during  every 
geological  period,  and  which  still  continue  to  be  separated  from  the 
ocean?  Various  opinions  have  been  offered  to  account  for  these 
phenomena,  such  as  extreme  heat,  great  pressure,  thermal  springs^ 
and  a  peculiar  gelatinous  condition  of  silex,  produced  by  chemical 
manipulation,  but  of  which  we  have  no  authentic  record  in  nature. 

None  of  these,  it  appears  to  me,  satisfactorily  account  for  the  vast 
deposits  of  silex  that  we  have  to  deal  with  in  connection  with  organic 
matter.  Great  pressure  and  high  temperature,  there  is  no  doubt,  are 
active  agents  in  promoting  the  solution  of  silex  in  excess,  with  which 
some  chemical  spriujgs  are  charg^ed,  and  these  causes  are  perhaps 
powerfully  effective  in  the  formation  of  certain  mineral  products  in 

*  7  St.  Mary's  Road,  Canonbiny,  Jane  10, 1848. 

My  dear  Sir, — ^Yoor  hanng  mentioned  to  me  that  yon  are  at  present  engaged 
on  some  inTestigations  respecting  the  deposition  of  silica  in  a  crystalline  form,  haa 
recalled  to  my  mind  a  fact  trhich  I  observed  some  time  since,  and  now  Tenture  to 
commnnicate  to  yon  in  the  hope  of  its  proTing  of  interest  in  connection  with  your 
researches. 

YoQ  are  aware  that  the  gaseous  body  fluoride  of  silicon  (Si  F^)  is  decomposed  by 
contact  with  water,  one-third  of  the  silicic  acid  beine  deposited  in  the  form  of  a 
jelly,  and  silicated  hydrofluoric  acid  (3  H  F-|-2  Si  fJ  produced ;  thus  3  (Si  F,)-^ 
3  (HO)«Si  0,  (which  depo8ite)-|-3  H  F-|-2  Si  F,  ^which  remains  in  solution). 

The  deposited  silicic  acid  is  extremely  soluble  m  water,  and  I  have  observed 
that  the  separated  silicated-hydrofluoric  acid  always  retains  a  portion  of  nncon- 
bined  silicic  acid  in  solution ;  this  deposits  after  the  lapse  of  some  months  in  miiiuta 
crystals  of  artificial  quartz.  The  specimen  I  now  send  you  was  thus  obtained :  the 
crystals  vary  in  size  from  the  one  nine-hundredth  of  an  inch  to  the  one  seventy- 
fifth  of  an  inch  in  length  (from  *00l  11  in.  to  '01333  in.) ;  they  depolarize  light,  and 
form  a  very  beautiful  microscopic  object. 

The  case  just  cit«d  is  precisely  analogous  to  those  you  were  mentioning  to  ne ; 
in  all,  water  is  the  solvent  of  the  silica,  which,  when  recently  produced  or  separated 
from  its  combinations  by  the  action  of  the  atmosphere  on  the  earthy  silicates,  is 
presented  in  the  modification  favourable  for  solution. 

I  remain,  my  dear  Sir,  very  tnily  yours, 
JavMi  Seott  Bowerbank^  Etq.,  Warrbn'Db  la  Rub. 

Sfc.  See,  Sfe, 
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the  interior  of  the  earth ;  but  as  regards  the  supply  of  silex  in  the 
production  of  fossils,  and  in  its  appropriation  by  UTing  organisms,  I 
behere  them  to  have  infinitely  less  to  do  with  these  phsenomena  than 
has  hitherto  been  supposed. 

Modem  chemistry  has  shed  much  light  upon  this  subject,  and  has 
shown  us  that  silex  is  very  much  more  soluble  than  was  formerly 
supposed.  It  has  taught  us  that  most  sandstones  contain,  mixed 
with  them,  silicates  with  alkaline  bases ;  and  that  in  the  decomposition 
of  granite,  porphyry,  and  other  similar  rocks,  vast  quantities  of  soluble 
silicates  are  liberated  and  poured  into  the  ocean  in  solution;  and 
thus,  although  in  unappreciable  quantities,  silex  must  necessarily  exist 
in  sea-water. 

For  many  years  chemistry  failed  to  demonstrate  the  existence  of 
iodine  in  sea-water;  but  as  the  science  advanced,  it  was  foimd  by 
Dr.  G.  Schweitzer,  in  his  analysis  of  sea^water  from  the  British 
Channel,  published  in  the  'Philosophical  Magazine'  for  1839*, 
that  it  did  exist  in  it,  although  in  so  minute  a  d^ree  as  to  form 
not  more  than  one-millionth  of  its  bulk  in  a  given  quantity ;  and 
this  fact,  from  the  peculiar  qualities  of  the  substance,  was  readily 
demonstrable.  But  the  same  peculiar  quaUties  do  not  exist  in  silex, 
and  its  presence,  although  probably  in  greater  proportional  quantities, 
cannot  be  rendered  apparent  by  any  cnemical  test  that  is  at  present 
known  to  science ;  but  that  it  does  exist  in  sea-water  is  evident  from 
the  vast  quantities  of  siliceous  infusorial  animalcules,  which  can 
derive,  from  no  other  imaginable  source,  the  material  with  which 
they  construct  their  cells.  These  minute  and  interesting  creatures 
exist  by  myriads  in  the  ocean  in  all  quarters  of  the  globe,  forming  no 
inconsiderable  portion  of  the  food  of  conchiferous  moUusks,  whence 
they  are  conveved  into  the  stomachs  of  fishes,  which  becoming  in 
turn  the  prey  of  searbirds,  are  thence  conveyed  by  them  and  deposited 
in  their  excrements  on  rocks  and  islands,  where  amidst  the  guano 
they  are  found  in  a  beautiful  and  perfect  state  of  preservation.  Vast 
quantities  of  them  are  also  found  attached  to  fuci  and  zoophytes, 
and  I  have  them  in  this  condition  from  the  shores  of  Africa,  Australia, 
Japan,  China,  and  various  parts  of  Europe.  It  is  evident  therefore, 
from  the  universal  prevalence  of  these  imnute  animals,  that  silex  not 
only  existed  in  former  geological  periods  in  solution  in  the  waters  of 
the  ancient  seas,  but  that  it  also  exists  in  solution  in  all  parts  of  the 
seas  of  the  present  period ;  and  however  minute  and  unappreciable 
the  quantity  may  be  to  the  science  of  chemistry,  it  is  yet  suJflBciently 
large  to  admit  of  its  continual  secretion  by  the  countless  myriads  of 
living  creatures  that  need  it  for  their  protection  and  support. 

If  it  be  not  so,  what  becomes  of  the  enormous  quantities  of  soluble 
silicates  that  are  continually  poured  into  the  ocean  by  the  decompo- 
sition of  feldspar,  granite,  porphyry,  and  other  similarly  constituted 
minerals  ?  Moreover  it  is  a  fact  satisfactorily  established  by  modem 
chemists,  that  these  silicates  are  readily  retained  in  solution  by  the 

*  Vol.  XV.  p.  51.  I  have  since  been  informed,  that  previously  to  this  date 
iodine  bad  been  noticed  in  sea-water  from  the  Mediterranean  by  Balard,  and  in 
that  of  the  Baltic  by  PfafT. 
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presence  of  carbonic  acid,  a  material  which  is  known  always  to  eidst 
m  sea-water.  And  so  powerfiil  is  the  effect  of  the  presence  of  this 
acid  when  in  contact  with  the  silicates,  that  it  was  found  by  Poltorf 
and  Wiegmann,  that  sand  might  be  boiled  in  a  mixture  of  nitric  and 
muriatic  acids,  and  then  thoroughly  washed,  and  yet  after  this  purifi- 
cation, when  left  for  thirty  days  immersed  in  water  saturated  with 
carbonic  acid,  the  water  was  found  to  contain  in  solution,  silica,  car- 
bonate of  potass,  lime,  and  magnesia ;  thus  proving  beyond  a  doubt 
the  power  of  carbonic  acid  alone  sufficient  to  take  up  and  retain  in 
solution  this  hitherto  supposed  to  be  insoluble  earth*. 

The  continued  attrition  of  the  material  of  every  beach  throughout 
the  world  must  necessarily  also  be  reducing  enormous  quantities  of 
silex  to  the  state  of  impalpable  powder,  or  mto  such  a  state  of  com- 
minution as  to  render  it  soluble  under  favourable  circumstances ;  and 
we  know  that  in  the  state  of  extreme  division,  arising  from  precipita- 
tion by  chemical  action,  it  is  readily  soluble  even  in  cold  fresh  water, 
containing  no  more  than  the  usual  Quantity  of  carbonic  acid. 

The  fs^ty  with  which  silex  is  iield  in  solution  under  ordinary 
circumstances,  is  equally  well  proved  by  every  corn-field  that  we  pass 
through,  in  the  well-known  abundance  of  it  secreted  in  the  stalks  oi 
the  plants.  The  rain-water  no  sooner  permeates  the  soil,  than  it 
becomes  charged  with  a  sufficiency  of  that  earth  to  afford  the  material 
for  the  secretion  of  a  considerable  coating  of  silex,  by  this  as  well  as 
many  other  similar  plants. 

Thus  it  has  ever  been  during  our  geological  periods,  and  if  we  maj 
judge  by  the  similarity  of  the  pheenomena  of  fossilization,  throughout 
a  long  series  of  geological  formations  from  the  Silurian  upwards. 

It  IS  not  only  in  plants  and  in  the  Spongiadse  that  these  deposits 
of  silica  have  taken  place  ;  it  is  almost  equsdly  abundant  in  the  foaal 
Corallidse.  Everything  organic  appears  to  have  an  active  affinity  for 
silex  in  solution,  and  no  sooner  have  the  waters  of  the  ocean,  or  other 
agents,  removed  the  carbonate  of  lime  from  shells,  than  the  animal 
matter  thus  released  from  combination  is  immediately  seized  upon  by 
the  silex.  It  is  thus  in  the  oolites,  the  cretaceous  groups,  and  in  thie 
clays  of  the  tertiaries  also ;  for  as  perfectly  sihcified  shells  are  found 
in  the  London  clay  as  can  be  obtained  even  from  the  greensand  for- 
mation. Nor  is  it  surprising  that  this  should  be  the  case,  when  we 
see  that  such  delicate  and  ephemeral  organs  as  the  tentaeula  of 
polyps  are  invested  with  silex  in  so  rapid  and  perfect  a  manner,  as 
we  observe  to  be  the  case  in  the  polypiferous  fossil  that  I  have  just 
described. 

With  these  great  sources  continually  in  action  in  all  parts  of  the 
world,  liberating  enormous  quantities  of  soluble  silicates,  and  the  well- 
established  soluble  powers  of  carbonic  acid,  we  may  be  content  to 
throw  aside  the  supposititious  source  of  the  gelatinous  condition  of 
silex, — ^to  dispense  even  with  thermal  springs  and  high  pressure  in  the 

*  I  have  learned  since  this  paper  was  read,  that  Forchhammer  has  found  silex 
in  solution  in  sea-water,  to  the  amount  of  0*003,  and  that  it  has  been  detected  by 
Pagenstecher  in  the  water  of  the  Aar,  near  Berne,  and  of  the  Rhine  at  Basle  (see 
Berzelius's  Jahresbericht). 
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fonnation  of  siliceous  fossils,  and  content  ourselves  in  endeavouring 
to  comprehend  the  mysteries  of  these  natural  phsenomena,  hy  the 
agency  of  the  laws  in  continual  operation,  and  with  the  ordinary 
amount  of  pressure  in  the  depths  of  the  ocean  around  us.  We  see 
that  animals  have  the  power  of  quietly  effecting  within  their  tissues, 
that  which  in  the  operation  of  fossilization  is  effected  hy  a  species  of 
attraction,  which,  for  want  perhaps  of  a  more  accurate  knowledge  of 
these  natural  operations,  we  designate  elective  attraction. 

May  not  this  attraction  of  organic  matter  for  silex,  so  abundantly 
displayed  throughout  the  whole  field  of  geological  science,  shed  some 
light  on  the  chemistry  of  animal  and  vegetable  assimilation  or  secre- 
tion ?  The  laws  of  endosmose  are  continually  equalizing  the  densities 
of  the  fluids  within  the  cells  of  animals  and  vegetables ;  and  if  the 
views  I  have  stated  be  correct,  there  needs  in  living  animals,  as  well 
as  in  dead  ones,  but  that  the  earth  in  solution  should  be  brought  in 
contact  with  organic  surfaces  under  certain  conditions,  with  which  we 
are  but  very  imperfectly  acquainted,  to  be  deposited  upon  the  parietes 
of  the  cells  or  other  organs  mto  which  the  fluid  has  insinuated  itself; 
layer  after  layer  is  then  deposited,  until  the  whole  of  the  minute 
cavities  are  filled  up.  If  we  examine  the  structure  of  shells  as  ex- 
hibited in  the  prismatic  cells  of  Pinna,  Ostrea,  and  other  aUied  genera, 
we  always  find  the  earthy  deposits  in  the  form  of  successive  layers 
from  the  circumference  to  the  centre.  Such  also  is  the  form  of 
deposit  in  both  the  siHceous  and  calcareous  spicula  of  recent  sponges ; 
so  it  is  also  in  bone  and  in  every  similar  organic  tissue  with  which  I 
am  acquainted.  And  such  also  is  the  form  of  deposit  of  silex,  car- 
bonate of  lime,  and  pyrites,  in  the  cellular  and  vascular  tissues  of 
fossils ;  and  in  no  case  is  it  better  displayed  than  in  the  cells  of  many 
of  the  succulent  fruits  of  the  London  clay,  where  we  find  their  walls 
remaining  in  the  form  of  thin  films  of  carbon ;  upon  the  inner  sur- 
faces of  these  are  deposited  successive  layers  of  pyrites;  but  the 
deposit  is  frequently  found  to  have  been  arrested  after  several  of  these 
depositions,  tnus  leaving  the  centre  of  each  cell  empty,  and  then  we 
find  the  inner  surface  of  the  last  coating  of  pyrites  usually  covered 
with  a  beautiful  crop  of  minute  crystals.  It  is  the  same  in  the 
fossilization  of  the  Spongiadse :  in  the  substance  of  the  animal  matter 
there  is  no  evidence  of  crystallization,  and  it  is  only  at  a  short  distance 
from  each  fibre  that  the  radiating  crystalline  needles  of  the  calcedonic 
ibrm  of  deposit  are  seen  to  spring,  and  crop  after  crop  succeeds  each 
other,  until  the  whole  of  the  intervening  spaces  are  filled. 

Much  weight  has  been  attached  by  some  writers  to  the  probabihty 
of  the  spicula  of  the  Spongiadse  acting  as  nuclei  for  the  attraction  of 
silex  in  the  process  of  their  fossilization ;  but  it  is  a  remarkable  fact 
that  the  true  Hahchondria,  in  which  the  sihceous  spicula  abound,  are 
exceedingly  rare  in  a  fossil  state ;  while  the  remains  of  true  Spongia, 
in  which  the  animal  fibre  predominates,  are  very  abundant.  And 
moreover,  whenever  I  have  found  the  siliceous  spicula  preserved,  they 
have  always  exhibited  considerable  erosion  of  the  surface,  as  if  thev 
were  very  much  more  amenable  to  the  action  of  the  solvents  to  whicn 
they  had  been  exposed,  than  to  the  chemical  affinity  of  their  kindred 
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molecules  in  solution.  The  spicula  so  abundant  in  the  greensand  of 
Maidstone  and  its  neigbbourhoody  and  in  the  fossil  sponges  of  Wilt- 
shire,  are  never  in  an  unaltered  condition ;  their  sur&ce  is  ahrays 
more  or  less  eroded,  and  sometimes,  in  parts,  nearly  eaten  tliroug^ 
by  the  solvent  action  of  the  water  ana  carbonic  acid ;  and  I  hmve 
never  yet  seen  an  instance  in  which  a  detached  spiculum  has  formed 
the  nucleus  for  a  crop  of  the  radiating  crystals  of  the  calcedony,  but 
I  have  frequently  found  detached  sponge  fibres  under  such  circum- 
stances ;  and  as  we  observe  them  when  imbedded  in  the  masses  of 
flint  or  agate,  the  deposit  most  frequently  assumes  the  form  of  a  se- 
ries of  distinct  centres  of  crystallization.  Fig.  5.  PI.  VIII.  represents 
one  of  these  cases  from  the  interior  of  a  flint,  and  in  this  instance  the 
deposit  has  been  arrested,  and  we  therefore  have  the  first  crops  of 
the  crystals  covering  the  fibre  in  such  a  form  as  to  give  it  oompfetdj 
a  moniliform  aspect. 

If  the  views  which  I  have  endeavoured  to  establish  in  this  and  mj 
former  papers  on  these  subjects  be  correct,  we  may  justlv  conuder 
the  attractive  power  of  organic  matter  for  silex,  as  one  of  the  great 
agents  established  by  nature  for  the  oonsoHdation  of  the  soluble  sili- 
cates, liberated  and  dispersed  through  the  ocean  by  the  eradual  decom- 
position of  the  compound  mineral  masses  which  form  the  crust  of  the 
globe.  Vast  as  these  decomposing  masses  may  be,  the  process  ap- 
pears to  be  so  slow  and  modified  as  to  render  the  results  as  regards 
the  silex  scarcely  if  at  all  appreciable  in  the  waters  of  the  great  nvers, 
through  the  means  of  which  it  is  poured  into  the  ocean ;  and  how- 
ever continuous  the  supply,  it  is  evident  that  the  rapidity  and  ex- 
tent of  the  process  of  fosoUization  and  of  animal  assimilation  are 
amply  suifiaent  to  preserve  that  wise  and  beautiful  equilibrium, 
which  is  apparent  throughout  nature  in  everything  connected  with 
the  decomposition  and  reconstruction  of  both  animal  and  mineral 
forms. 


January  17,  1849. 

The  following  communication  was  then  read : — 

On  the  Oeologictd  Structure  of  the  Alps,  Apennines  and  Car- 
pathians, fMre  especially  to  prove  a  transition  from  Secondary 
to  Tertiary  rocks,  and  the  development  of  Eocene  deposits  in 
Southern  Europe.  Part  II.  By  Sir  Roderick  Impey  Mur- 
CHisoN,  F.R.S.  6.S.  L.S.,  Hon.  Mem.  R.S.  Ed.,  R.I.  Ac,  Mem. 
Imp.  Ac.  8c.  St.  Pet.,  Corr.  Mem.  Ac.  France,  Berlin,  Turin, 
&c.  &c. 

[Printed  with  Part  I.  in  No.  19  of  the  Joarnil,  p.  157,  above.] 
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January  31,  1849. 
The  following  communicatioiifl  were  read  : — 

1 .  Description  of  Remains  of  Fossil  Reptiles  from  the  Greenland 
Formation  of^KW  Jersey.     By  Prof.  Owen,  F.R.S.,  F.G.S.  &c. 

[See  an  Abstract  of  this  Paper,  p.  380.] 

2.  Paliehthyologic  Notes,  No.  2. — On  the  Affinities  of  the  Genus 
Platysomus.  By  Sir  Philip  Grey  Egerton,  Bart.,  M.P., 
F.R.S. 

Some  of  the  earliest  writers  on  Palseontoloey  were  acquainted  with 
the  Petrified  Fishes  not  uncommonly  found  m  the  Kupferschiefer  of 
Mansfeld  and  its  vicinity,  on  which  Agassis  estahlished  hb  genus 
Platysomus,  Figures  are  given  of  these  fishes  under  the  name  of 
Rhombus  diluvianus  major  and  minor,  by  Wolfart  *,  Scheuchzer  f , 
Knorr  and  Walch  %,  and  others.  More  recently  De  Blainville  and 
Germar  have  described  them,  assigning  them,  in  consequence  of  their 
deep  and  flattened  forms,  to  the  genus  Stromal eus^,  Agassis  satis- 
fied himself  that  this  determination,  founded  on  outward  characters, 
unaccompanied  by  structural  coincidences,  could  not  stand  || ;  at  the 
same  time  the  unusual  combination  of  this  form  of  body  with  a  hete- 
Tocerqual  tail  and  other  anatomical  peculiarities  evidently  raised 
doubts  in  his  mind  as  to  the  true  position  and  affinities  of  the  genus  ^. 
Mr.  King  of  Newcastle-on-Tyne  has  recently  submitted  to  me  a  speci- 
men of  Platysomus  macrurus  from  the  magnesian  Hmestone  of  Ferry 
Hill,  which  clears  up  the  obscurity  that  has  hitherto  enveloped  the 
subject,  and  proves  from  p^ 

the  characters  of  the  denti-      *^' 

tion  that  this  genus  should 
be  removed  from  the  Lepi- 
doidei  to  the  Pycnodotiti, 
The  dentary  portion  of  the 
lower  jaw,  as  shown  by  this 
specimen,  fig.  1,  is  a  dense 
triangular  bone,  very  similar 
to  the  Pycnodont  jaws  found 
atStonesfield  and  elsewhere. 
Two  rows  of  teeth  are  seen, 
the  outer  one  composed  of 
eight  or  nine  small  tritores, 
the  inner  one  containing  ^vt 
considerably  larger  than  the 
outer  ones.  The  teeth  are  all  clavate  in  form.  The  crown  is  cir- 
cular, slightly  flattened  on  the  grinding  surface,  and  mounted  on  a 
pedestal  of  smaller  diameter.  Immediately  beneath  the  crown  is  a 
deep  constriction,  beyond  which  the  enamelloid  coating  of  the  tooth 

*  Wolfiefft  (Peter),  Historia  naturalis  Haasie  inferioria,  pan  i.  taba.  13, 14. 

t  Scheuchzer,  Piacium  Querelas,  tab.  4. 

X  Knorr  and  Walcfa,  vol.  i.  pi.  20. 

§  Nouv.  Diet.  d'Hiatoire  Nat.  vol.  xxviii.  p.  18. 

11  Poiaa.  Foaa.  voL  ii.  part  1.  p.  161.  Y  Ibid.  p.  162. 
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does  not  extend.  No  incisor  teeth  are  visible,  but  it  is  probable, 
from  the  prominence  of  the  anterior  angle  of  the  jaws,  that  they  were 
furnished  with  teeth  of  more  elongated  form  than  those  constituting 
the  masticatory  apparatus. 

Having  thus  obtained  a  clue  to  the  natural  affinities  of  this  genus, 
I  was  agreeably  surprised  to  find,  on  a  close  comparison  with  the  other 
members  of  the  Pycnodont  family,  how  closely  they  are  allied  both  in 
form  and  structural  details.  Unwilling,  however,  to  rely  entirely  on 
my  own  judgement  in  this  matter,  I  communicated  the  facts  to  Pro- 
fessor Agassiz,  and  received  from  him  the  following  corroboration  of 
my  views  which  I  give  in  his  own  words : — "  I  quite  agree  with  you 
in  the  propriety  of  combining  the  genus  Platyaomus  with  the  Pyc- 
nodonts ;  for  some  time  past  I  had,  indeed,  been  impressed  with  the 
ffreat  difference  there  is  between  that  genus  and  the  others  of  the 
family  in  which  it  stands,  and  I  now  ^1  that  my  only  reason  for 
putting  it  there  was  the  heterocerqual  form  of  tail,  a  character  which 
could  not  fail  to  produce  a  vivid  impression  upon  my  mind  when  first 
discovered,  but  which  I  now  expect  to  find  in  fishes  of  various  fami- 
lies in  the  oldest  geological  ages,  as  well  as  everywhere  in  the  youngest 
state  of  our  actuaJ  fishes  in  their  embryonic  growth.  The  teeth,  as 
you  mention,  are  conclusive  evidence  for  placing  Platysomiu  with  the 
Pycnodonts.  Let  me  now  point  out  to  you  another  evidence  of  this 
relation  in  the  form  of  the  skeleton,  especially  of  the  apophyses  before 
the  dorsal.  The  specimens  of  Plalyaomus  in  the  museum  in  Munich 
show  some  good  portions  of  the  skeleton,  and  in  my  mind  I  can  now 
compare  them  to  the  skeleton  of  the  small  Pycnodua  rhombus*, 
without  detecting  any  difference.  Prav  institute  the  comparison  upon 
a  safer  ground  than  recollection,  and  let  me  know  what  you  find. 
You  know  under  what  circumstances  the  fossil  fishes  have  been 
worked  out,  and  as  a  matter  of  course  I  must  expect  to  see  daily 
important  additions  made  to  the  edifice  of  which  I  have  laid  only  the 
foundation." 

I  had  not  neglected  the  important  comparison  above  alluded  to, 
and  the  result  proved  that  the  correspondence  between  the  anatomical 
details  of  Platyaomua,  Gyrodu9  and  Microdon  is  very  remarkable. 
The  peculiar  features  described  by  Agassiz  as  ''  apophyses  before  the 
dorsal "  obtain  in  Platysomus  as  in  the  other  Pycnodonts,  but  whereas 
in  the  genus  Pycnodus  they  are  restricted  to  the  area  in  advance  of 
the  dorsal  fin,  in  Platysomus  and  Ch/rodus  they  extend  over  the  hind^ 

rirtion  of  the  body.  As  to  the  nature  of  these  so-called  apophyses, 
have  arrived  at  a  conclusion  at  variance  with  that  advocated  by 
Agassiz,  and  consider  them  as  belonging  to  the  tegumentary  invest- 
ment of  the  fish,  rather  than  to  the  internal  skeleton.  It  is  scarcely 
necessary  to  repeat  the  minute  and  accurate  description  of  these  bones, 
given  in  the  article  in  the  '  Poissons  Fossiles'  on  the  genus  Pycnodus, 
as  they  must  be  familiar  to  every  student  of  this  branch  of  Palaeon- 
tology f.  The  conclusion  Agassiz  draws  is,  that  he  considers  them  as 
the  analogues  of  the  Y-shaped  bones  in  the  Clupeida.  My  reasons 
for  differing  from  this  great  authority  are  these: — First,  they  are 

*  Poiss.  FoM.  vol.  it  tab.  72.  f.  5-7.  t  Ibid.  yoL  U.  pt  2.  p.  183. 
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not  restricted  to  the  dorsal  region  of  the  fish,  but  extend  uninter- 
ruptedly from  the  back  to  the  bellj,  external  to  the  yertebral  column 
and  apophyses.  Secondly,  they  are  continuous  with,  not  articulated 
to,  the  external  spines  or  scales  before  the  dorsal  fin.  The  dermal 
system  of  the  Pycnodonts  is  very  peculiar.  Each  scale  bears  upon 
its  inner  anterior  margin  a  thick  soUd  bony  rib,  extending  upwards 
beyond  the  limits  of  the  scale,  and  sliced  off  obUquely  above  and 
below,  on  opposite  sides,  for  forming  splices  with  the  corresponding 
processes  or  the  adjoining  scales*.  These  spUces  are  so  closely  ad- 
justed, that  without  a  magnifying  power  or  an  accidental  dislocation 
they  are  not  perceptible.  When  in  situ  and  seen  internally  these  con- 
tinuous lines  decussate  with  the  true  vertebral  apophyses,  and  cause 
the  regular  lozenge-shaped  pattern  so  characteristic  of  the  Pycnodont 
family  t*  In  all  the  species  of  Platysomtu  these  structural  peculiari- 
ties obtain  to  their  fullest  extent,  corroborating  the  evidence  already 
alluded  to  of  the  masticatory  organs,  in  favour  of  the  removal  of  the 
genus  from  the  Heterocerque  Lepidoids  to  the  Pycnodonts.  The 
explanation  I  have  ventured  to  advocate  as  to  the  true  nature  of  the 
enigmatical  bones  designated  by  Agassiz  "  apophyses,"  is  shown  to 
be  correct  as  to  the  genera  Gyrodus  and  Microdon  by  several  perfect 
specimens  of  the  former  genus  in  my  cabinet,  which  I  owe  to  the 
kindness  of  the  late  Count  Munster,  and  by  a  fine  example  of  Micro- 
dan  radiatus  in  the  Hunterian  collection.  There  is  more  difficulty 
with  the  genus  Pycnodus^  for  in  this  the  scales  are  much  thinner 
than  in  the  other  members  of  the  family,  and  the  articulating 
border  more  delicate;  the  latter  feature  is  nevertheless  generally 
preserved,  even  when  the  other  portions  of  the  scales  are  wanting, 
and  has  great  resemblance  to  a  vertebral  apophysis,  more  especialty 
when  slightly  crushed,  for  then  the  compound  nature  of  the  bone  is 
undistinguishable.  Its  real  dermal  character  may,  however,  generally 
be  ascertained  by  examining  the  impressions  of  the  inner  siurfaces  of 
the  scales  of  the  opposite  flank.  If  it  be  true  then  that  these  bones 
form  part  of  the  cuticular  investment  and  not  of  the  internal  skeleton, 
we  have  still  the  difficulty  of  explaining  how  it  happens  that  this 
peculiar  structure  is  restricted  in  some  species  to  the  anterior  region 
of  the  body,  while  in  others  it  extends  to  the  insertion  of  the  tail. 
It  cannot  be  attributed  to  any  imperfection  of  the  specimens,  for  the 
scalpel  of  the  most  skilful  zootomist  could  scarcely  exhibit  more 
beautiful  dissections  than  Nature  has  placed  before  us  in  the  Pyc- 
nodonts of  Kelheim,  Torre  d'Orlando  and  Monte  Bolca.  The  only 
solution  I  can  suggest  is  this,  that  whereas  in  some  recent  fishes  we 
find  a  stiff  and  rigid  body  furnished  with  a  flexible  tail,  so  a  like 
compensation  may  have  obtained  among  some  of  the  denizens  of  the 
more  ancient  seas.  Of  the  fossil  Pycnodonts  already  known,  the 
Platyaomi,  Ch/rodi,  Microdon  hexagonusX  and  Microdon  analis^ 
have  the  scales  uniform,  while  Microdon  elegans\\  and  Microdon 

*  Poiss.  Foas.  tabs.  68,  69.  figs.  2, 3.  f  Ibid.  vol.  ii.  tab.  67. 

X  Ibid.  vol.  U.  tab.  69c.  figs.  4  &  5.  §  Ibid.  vol.  ii.  tab.  69<^.  fig.  3. 

U  Ibid.  tab.  69b. 
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radiatus*  agree  with  the  Pyenodi  in  the  limitation  of  the  articolated 
scales  to  the  anterior  part  of  the  hody.  I  am  inclined  to  consider 
thb  character  of  generic  value  ;  and  I  find  it  associated  with  other 
peculiarities  in  the  position  and  form  of  the  fins  and  tail,  which 
suggest  the  propriety  of  adding  Microdon  hexagonus  and  Microdom 
analis  to  the  genus  Gyrodua.  Count  Munster  has  described  a  Pjc* 
nodont  jaw  found  by  Herr  Althaus  in  the  Kupferschiefer  at  Richels- 
dorf,  which  he  named  Globulodus  elepansf.  In  alluding  to  this 
genus  Agassk  says  that  it  is  probably  founded  on  the  dentition  of 
the  genus  PlatysomuaXi  &  surmise  which  is  proved  by  Mr.  King's 
specimen  of  Platysomus  macrurus  to  be  perfectly  correct.  Tlie 
genus  Globulodus  must  therefore  be  cancellea.  It  is  probable  from 
the  small  size  of  the  oral  aperture  and  the  character  of  the  dentition, 
that  the  Platyaond  fed  either  on  marine  plants  or  on  small  shell-fish 
or  zoophytes,  and  we  trace  in  their  dense  t^umentary  investment  a 
kind  of  scale-armour  to  protect  them  against  the  agressions  of  the 
Acrolepides  and  Pygopteri  and  other  voracious  Sauroids  with  which 
they  co-existed ;  but  that  even  this  protection  did  not  alwajrs  avail  is 
subistantiated  by  the  fact,  that  the  GlobuloduM  jaw  of  Count  Mun- 
ster was  discovered  in  a  Goprolite  I ! 


3.  On  Neritoma,  a  fossil  genus  of  Gasteropodous  Mollusks  allied 
to  Nerita.     By  John  Morris,  Esq.,  F.G.S. 

Among  the  fossil  shells  of  the  oolite  hitherto  referred  to  Nerifa, 
there  occurs  a  small  group  presenting  characters  of  sufficient  im- 
portance to  justify  their  being  separatee^  not  only  as  a  distinct  section 
of  the  genus,  but  as  forming  a  different  generic  type,  probably  be- 
longing to  the  same  family,  for  which  I  propose  the  name  Neritoma. 

The  peculiar  character  to  which  I  allude  is,  in  the  outer  lip  (which 
in  all  the  typical  Nerita  is  entire)  having  two  more  or  less  deep 
sinuses,  probably  corresponding  to  a  particular  organization  in  the 
animal  inhabitant ;  the  form  of  the  aperture  and  the  columellar  lip 
are  also  distinct  from  those  of  Nerita,  and  do  not  approximate  it  to 
anyother  described  genus. 

The  above-mentioned  characters  of  this  genus, — certainly  allied  to 
Nerita,  although  aberrant  from  it, — are  interesting  under  two  points 
of  view :  first,  as  connecting  the  true  Nerites  with  Ampkiholu,  Schum. 
(Ampullacera,  Quoy),  also  an  aberrant  form  of  An^ullaria  and 
Natica ;  and  secondly,  as  adding  another  instance  to  certain  genera  of 
Mollusca,  which  with  analogous  forms  present  a  similar  character  in 
having  a  greater  or  less  sinus  in  the  outer  lip.  In  this  latter  respect, 
Neritoma  bears  the  same  relation  to  Nerita,  as  the  other  genera  first 
mentioned  in  the  following  list  do  to  their  respective  analogous  forms. 

*  Poiss.  Foss.  tab.  69^  figs.  1  &  2. 

t  Beitrage,  &c.  pi.  5.  p.  47.  pi.  15.  fig.  7. 

X  PoiBB.  Foil.  vol.  ii.  pt  2.  p.  203. 
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Genera  in  which  the  outer  lip  has 


A  greater  or  less  sinus.  No  sinus. 

Neritoma.  Nerita. 

Amphibola.  Ampullaria. 

Clitnon.  Nentina. 

Platjchisma.  Trochus. 

Pleurotomaria.  Trochus. 

Acrocolia.  Pileopsis. 

Pleorotoma.  Fusus. 

Murchisonia.  Cerithium. 

Emargmula.  Patella. 

In  consulting  the  above  table  of  the  two  groups,  it  will  be  remarked 
that  most  of  those  forms  furnished  with  a  sinus  belong  to  extinct 
genera :  thus  Acroculia,  Murchisonia,  Platyckisma,  are  found  in  the 
palaeozoic  series,  Pleurotomaria  and  Neritoma  in  the  secondary  strata, 
Fleurotoma  in  the  ternary  and  also  recent. 

Trachelipoda,  Lam. 

Family  NSritacds,  Lam. 

Neritoma. 

Testa  Tentricosa,  crassiuscula,  Iseviuscul^  epidermide  induta,  non 
umbilicata,  spircL  brevi  obtusa;  anfractibus  subcarinatis,  iQtimo 
ventricoso ;  apertur^  suboTali,  obliqua ;  labro  acuto,  bisinuato ; 
labio  incrassato,  planulato,  supem^  canalifero,  non  denticulato  nee 
crenulato ;  impressione  musculari  elongato-OTatH. 

A  ventricose  and  moderately  thick  shell,  nearly  smooth,  or  merely 
marked  by  the  lines  of  growth,  having  a  slightly  elevated  spire  and 
three  or  four  subangular  volutions ;  not  umbihcated ;  aperture  ovately 
oblong,  outer  lip  thin,  sharp  and  bisinuate,  with  one  angular  sinus 
towards  the  middle  of  the  shell  corresponding  to  the  carina  and  a 
rounded  sinus  near  the  base ;  inner  lip  broad,  flat,  and  thickened, 
slightly  depressed  in  the  middle,  and  not  crenulated  nor  denticulated. 

The  above  characters  sufficiently  distinguish  this  genus  fromNerita, 
in  which  also  the  inner  lip  is  much  less  confluent  with  the  outer  one 
than  in  Neritoma.  The  flattened  and  expanded  columellar  lip,  and 
not  being  umbilicate,  remove  it  from  Amphibola. 

From  NeritopsiSy  which  connects  Nerita  with  Natica,  it  is  separated 
by  the  above-mentioned  characters,  as  well  as  in  not  having  a  deeply 
notched  inner  Up,  as  in  that  genus.  If  with  Dr.  Grateloup  and 
M.  Pictet  we  exclude  Natica  as  belonging  to  a  distinct  family,  the 
Niritacds  will  be  neatly  limited  to  the  following  genera :  Navicella, 
Pileolus,  Nerita,  Neritina,  Neritopsis,  and  Neritoma. 

The  species  belonging  to  Neritoma  have  at  present  onlv  been 
found  in  the  oolite.  The  shell  from  which  the  above  generic  descrip- 
tion was  formed,  was  obtained  by  Mr.  Lowe  from  the  upper  beds  of 
the  Portland  series,  at  Swindon,  Wilts.  This  specimen  is  interesting, 
as  exhibiting  distinctly  the  coloured  marking  upon  the  surface. 

2  a2 


Digitized  by  VjOOQIC 


334  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [Jan.  31, 

Fig.  1. 


Neritoma  sintjosa. 

NeritUy  Sow.  1821,  Min.  Con.  t.  217.  f.  2. 

Nerita  angulata.  Sow.  1836,  Geol.  Trans,  vol.  iv.  t.  23.  f.  2. 

Testa  ventricosA,  subleevi,  fuscescente,  spira  abbreviata,  obtusa,  an- 

fractibus  quatuor  convexiusculis,  ultimo  obtus^  carinato,  supem^ 

depresso,  apertura  oblong^. 

A  rather  thick  and  yentricose  shell  with  a  slightly  elevated  and 
obtuse  spire,  the  last  volution  carinated  about  the  middle,  the  carina 
terminating  in  the  shallow  sinus  at  the  edge  of  the  outer  Up.  The 
surface  is  nearly  smooth,  although  in  some  specimens  the  lines  of 
growth  are  well-defined,  and  become  more  prominent  as  the  shell 
approaches  the  adult  state. 

This  species  was  first  noticed  by  Mr.  Sowerby,  sen.,  as  Nerita 
sinuosa  in  the  'Mineral  Conchology,*  where  its  peculiar  characters 
are  carefuUy  described,  from  a  specimen  collected  by  Miss  Benett  at 
Chilmarsh,  near  Tisbury,  Wilts. 

A  cast  of  this  species  was  subsequently  described  by  Mr.  J.  D.  C. 
Sowerby,  in  Dr.  Fitton's  Memoir*,  under  the  name  of  Nerita  an- 
ffulata,  from  specimens  obtained  at  Swindon,  Wilts,  where  in  the 
state  of  casts  this  species  is  generally  very  abundant. 

Locality,  Swindon,  and  near  Tisbury,  Wilts,  in  the  Portland  oolite. 

Nerttoma  bisintjata. 

Nerita,  Buvignier,  Statistique  Min^ralogique  et  G^logique  du 
Departement  des  Ardennes,  p.  535.  t.  5.  fig.  12,  13. 

Testa  globosa,   sublsevi,   spira   depress^,    obtusa,   ultimo   anfractu 
carinato,  ad  suturam  canaliculato,  apertura  ovah  vel  semicirculari. 

A  ventricose  shell  with  somewhat  angular  volutions,  marked  by 
the  lines  of  growth,  and  a  depressed  spire.  The  last  whorl  has  a 
slight  furrow  at  the  suture.  The  aperture  is  nearly  semicircular; 
the  sinus  at  the  edge  of  the  aperture,  corresponding  to  the  carina,  is 
narrow  and  deep  in  the  adult  stage,  and  only  faintly  marked  in  the 
young  shell.    M.  Buvignier  in  the  description  of  this  species  remarks, 

*  '*  Obserrations  on  some  of  the  strata  between  the  Chalk  and  Oxford  Oolite," 
Geol.  Trans,  vol.  iy.  p.  347. 
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that  it  is  with  doubt  he  places  this  shell  under  Nerita ;  the  double 
sinus  appearing  to  indicate  particular  organs,  which  are  not  possessed 
by  the  fwiinAla  of  that  genus.  In  breaking  some  specimens,  M. 
Buyignier  has  also  observed  a  depression  under  the  columella,  similar 
to  that  which  receives  the  apophysis  of  the  operculum  of  the  Neritee. 
Locality,  Launois  and  Viefl-Saint-Bemy,  Ardennes,  in  the  upper 
beds  of  the  Oxford  clay. 


February  21,  1849. 
The  following  communications  were  read : — 

1.  Notice  of  the  Gypsum  o^Plaister  Cove  in  the  Strait  of 
Canseau.     By  J.  W.  Dawson,  Esq. 

[Communicated  by  the  President.] 

The  Strait  of  Canseau  is  a  narrow  passage  fourteen  miles  in  length, 
separating  Nova  Scotia  proper  from  Cape  Breton  Island.  On  the 
Nova  Scotia  side  it  affords  an  imperfect  section  of  carboniferous 
strata,  interrupted  near  the  middle  of  the  Strait  by  a  mass  of  reddish 
syenite  and  disturbed  slates,  forming  the  promontory  of  Cape  Por- 
cupine, which  is  the  abrupt  termination  of  a  hilly  range  extending 
far  into  Nova  Scotia.  On  the  Cape  Breton  side,  the  section  exhibits 
carboniferous  rocks ;  and  nearly  opposite  Cape  Porcupine  is  the  small 
indentation,  whose  name  of  Plaister  Cove  is  derived  from  the  mass  of 
gypsum  to  which  the  following  remarks  refer. 

The  gypsum  of  Plaister  Cove,  like  other  large  masses  of  that  rock 
occurring  in  this  province,  belongs  to  the  lower  part  of  the  carbo- 
niferous system,  and  is  associated  with  limestone  and  marls.  The 
structure  and  accompaniments  of  the  bed  are,  however,  more  perfectly 
exposed  than  in  most  of  the  larger  masses  of  gypsum  whicn  I  have 
examined.  For  this  reason  I  shall  endeavour,  with  the  aid  of  the 
accompanying  section  ^g.  1,  and  specimens,  to  give  a  somewhat  de- 
tailed view  of  the  appearances  presented  at  this  place,  with  the  object 
of  recording  facts  which  may  be  useful  in  explaining  the  origin  of 
the  great  beds  of  gypsum. 

Fig.  1. 
Cda$t  SecUon  at  Pknater  Cove. 


m^ 
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1 .  Hard  grer  eonglomermte.  S.  Alternations  of  bard  tandatone  and  grey  shale.  3.  limestone. 
4.  Marl.  6.  Oypstim.  0.  Gypseous  limestone.  7.  Mari.  8.  Dark  shales  with  calcareous  bands. 
9.  Brown  and  grey  sandstone  and  shale. 

(1.)  At  M^^Millan's  Point,  about  three-quarters  of  a  mile  north  of 
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the  Cove,  are  thick  beds  of  grey  conglomerate,  in  a  T^tical  poritkML 
These  beds  form  the  base  of  the  carboniferous  system  in  this  district ; 
and,  at  a  short  distance  inland,  they  have  been  invaded  by  trap  and 
other  igneous  rocks,  belonging  to  a  great  line  of  igneous  <usturl>anoe 
extendmg  to  the  north-eastwa^.  The  con^omerates  near  M'MiUan's 
Point  have  been  thrown  up  along  an  anticlinal  line  connecting  the 
^eous  range  last  mentioned  with  that  of  Cape  Porcupine,  on  whose 
mmks  the  same  conglomerates  appear.  The  yaUey  now  occupied  by 
the  Strait  is  in  great  part  due  to  the  want  of  continuity  of  the  igneous 
masses  at  this  point ;  though  the  distribution  of  the  surfieu^e  detritus 
shows  that  it  has  been  subsequently  deepened  by  diluyial  waves  or 
currents  from  the  northward. 

(2.)  Between  McMillan's  Point  and  Plaister  Cove,  the  shore  is 
occupied  by  black  and  grey  shales  and  very  hard  sandstones,  in  fre- 
quent alternations.  The  sandstones  have  been  much  altered  by  heat, 
and  are  traversed  by  veins  of  white  carbonate  of  lime,  sometimes  mixed 
with  sulphate  of  barytes.  At  the  point  immediately  north  of  Plaister 
Cove,  these  beds  dip  at  a  high  angle  to  the  south-eastward. 

(3.)  Overlying  these  be£  is  a  bed  of  limestone  about  30  feet  in 
thickness ;  it  is  of  a  dark  colour,  laminated  and  subcrystalline ; 
its  laminee  are  in  some  parts  corrugated  and  slightly  attached  to  each 
other,  and  in  other  places  flat  and  firmly  coherent ;  it  is  traversed 
by  numerous  strings  of  white  calcareous  spar,  containing  a  little  car- 
bonate of  iron  and  small  crystals  of  blue  fluor  spar,  a  mmeral  rare  in 
Nova  Scotia,  and  which  I  liave  found  only  in  the  lower  carboniferous 
limestones.  The  limestone  supports  a  few  layers  of  greenish  marl 
and  ^psum,  which  appear  in  a  small  depression  on  the  north  side  of 
the  Cove ;  but  beyona  this  depression  the  limestone  reappears  with 
a  northerly  dip.  It  is  then  bent  into  several  small  folds,  and  ulti- 
mately resumes  its  high  dip  to  the  south-east.  I  found  no  fossils  in 
this  hmestone,  except  at  its  junction  with  the  overlying  marl,  where 
there  is  a  thin  bed  of  black  compact  limestone  containing  a  few  in- 
distinct specimens  of  a  small  speaes  of  Terebratula.  In  appearance 
and  structure  this  limestone  is  very  similar  to  the  laminated  limestones 
which  underlie  the  gypsiferous  deposits  of  Antigonish  and  the  Shu- 
benacadie. 

(4.)  This  bed  is  succeeded  by  greenish  marl,  traversed  by  veins  ot 
red  foliated  and  white  fibrous  gypsum,  and  containing  a  few  layers  of 
the  same  mineral  in  a  granular  form ;  it  also  contains  a  few  veins  of 
crystalline  carbonate  of  lime.  In  its  lower  part  it  has  a  brecdated 
structure,  as  if  the  layers  had  been  partially  consolidated  and  then 
broken  up.  Near  its  junction  vnth  the  limestone  it  contains  rounded 
masses  of  a  peculiar  ceUular  limestone,  coloured  black  by  coaly  matter ; 
and  higher  in  the  bed  there  are  nodules  of  yellow  ferruginous  lime- 
stone with  a  few  fragments  of  shells.  The  greenish  colour  of  the 
marl  seems  to  be  caused  by  the  presence  of  a  minute  quantity  of  sul- 
phuret  of  iron.  When  a  portion  of  the  marl  is  heated,  the  sulphuret 
IS  decomposed  and  the  colour  is  changed  to  light  red. 

^5.)  On  this  marl  rests  a  great  bed  of  gypsum,  whose  thickness  I 
estimated  at  50  yards.    Where  the  marl  succeeds  to  the  hmestone,  the 


Digitized  by  VjOOQIC 


1849.]         DAW80N  ON  THE  GYPSUM  OF  PLAI8TBR  COVB.  337 

shore  at  once  recedes,  and  the  gypsum  occurs  at  the  head  of  the  Cove. 
The  gypsum  is  well-exposed  in  a  cliff  ahout  80  feet  in  height ;  hut, 
like  most  other  large  masses  of  this  rock,  it  is  broken  by  weathering 
into  forms  so  irregular,  that  its  true  dip  and  direction  are  not  at  first 
sight  very  obvious.  On  tracing  its  layers,  however,  it  is  found  to  have 
the  same  dip  with  the  subjacent  limestone  and  marl.  About  two-thirds 
of  the  thickness  of  the  bed  consist  of  crystalline  anhydrite,  and  the 
remaining  third  of  very  fine-grained  common  gypsum.  The  anhy- 
drite prevails  in  the  lower  part  of  the  bed,  and  common  eypsum  in  the 
upper ;  but  the  greater  part  of  the  bed  consists  of  an  intimate  mixture 
of  both  substances,  the  common  gypsum  forming  a  base  in  which  mi- 
nute crystals  of  anhydrite  are  scattered ;  and  bands  in  which  anhy- 
drite prevails,  alternating  with  others  in  which  common  gypsum  pre- 
dominates. It  is  traversed  by  veins  of  compact  gypsum,  but  I  saw 
no  red  or  fibrous  veins  like  those  of  the  marl.  In  some  parts  of  the 
bed,  small  rounded  fragments  of  grey  limestone  are  sparingly  scattered 
along  layers  of  the  gypsum. 

T^e  exposed  part  of  the  mass  is  riddled  by  those  singular  funnel- 
shaped  holes  named  "  Plaister  pits,''  sections  of  which  are  exposed  in 
the  diff ;  they  penetrate  both  the  anhydrite  and  common  gypsum, 
though  they  are  contracted  where  they  pass  through  harder  portions 
of  the  rock,  and  especially  the  veins  of  compact  eypsum,  some  of  which 
are  only  slightly  indined,  and  look  at  first  sight  like  layers  of  depo- 
sition. The  pits  of  which  I  saw  sections  have  evidently  resulted 
from  the  percolation  of  water  through  the  more  open  parts  of  vertical 
joints,  and  they  were  cut  oflf  where  they  were  intersected  by  another 
slightly  inclined  set  of  open  fissures,  which  afforded  a  passage  to  the 
water.  The  accompanying  sketch  (fig.  2)  shows  one  of  these  pits,  and 
its  relations  to  the  joints  and  stratification  of  the  gypsum. 

(6.)    Above  the  gypsum 
are  a  few  layers  of  limestone.  Fig.  2. 

one  of  them  is  studded  with 
tarnished  crystals  of  iron  py- 
rites ;  another  is  a  singidar 
mixture  of  grey  limestone 
and  reddish  granular  gyp- 
sum.    The  portions  of  hme- 

stone  contained  in  this  rock  ^ 

do  not  appear  to  be  frag- 
ments or  pebbles,  and  they 
are  p^etrated  by  plates  of 
selenitic  ^psum.  They  may 
be  parts  ats,  bed  of  limestone 
broken  up  and  mixed  with 
gypsum  when  in  a  soft  state,  n^^^^^     *  o«-«i«i«t 

^^*'i     ,.         .  J a.  OTptam  Tern.     ft.  Open  joint. 

or  tne  limestone  ana  ^psum  e.  Bedding  of  um  sTpmm. 

may  have  been  deposited  si- 

mmtaneously  and  separated  by  molecular  attraction.    A  rock  of  this 

kind  is  not  rare  as  an  accompaniment  of  gypsum,  and  it  may  be 
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merely  a  result  of  the  mixture  of  the  soft  surface  of  the  gypsum 
with  the  mechanical  detritus  first  deposited  on  it. 

(7.)  On  the  opposite  side  of  the  creek,  which  makes  a  small  break 
in  the  section,  is  a  thick  bed  of  marl,  whose  dip  appears  to  be  the 
same  with  that  of  the  g3rpsum.  In  general  character  it  resembles 
the  marl  underlying  the  gypsum.  In  some  parts  it  is  greenish,  and 
homogeneous  in  texture ;  in  other  parts  it  is  brecciated,  and  some  layers 
have  a  brownish  colour  and  shaly  texture.  In  some  parts  it  is  highlj 
gypseous  and  contains  layers  of  granular  gypsum,  one  of  whidi  is 
black,  its  colour  being  due  to  a  small  proportion  of  coaly  or  bitumi- 
nous matter. 

(8.)  Beyond  the  marl  the  shore  is  occupied  for  a  short  space  by 
boulder  clay.  Beyond  this  it  shows  a  great  thickness  of  dark  shales 
with  calcareous  bands,  containing  a  few  small  shells ;  they  dip  to  the 
E.S.E.  at  a  high  angle,  and  overhe  the  gypsum.  They  are  succeeded 
by  a  thick  band  of  Tery  hard  grey  and  brownish  sandstones  and  shales, 
containing  a  few  fragments  of  plants  stained  by  carbonate  of  copper. 
These  are  again  overlaid  by  dark  shales,  and  these  by  an  enormous 
thickness  of  grey  and  brown  sandstone  and  shale.  Some  of  the  shales 
in  this  part  of  the  section  have  assumed  a  kind  of  slaty  or  rather 
prismatic  structure,  which  I  have  endeavoured  to  represent  in  the 
sketch,  fig.  3. 

At  Ship  Harbour,  four  miles  di-  Fig.  3. 

stant  from  Plabter  Cove,  the  series  shales  with  pritmatie  ttruetwre, 
last  mentioned  is  seen  to  contain 
thick  beds  of  grey  flag  and  finely 
laminated  shale,  and  fdso  a  bed  of 
black  shale  with  shells  of  Modiola 
and  Cypris.  The  coast  sections 
show  no  beds  higher  in  the  series  ' 
than  these  last;  but  farther  in- 
land they  appear  to  be  succeeded, 
in  ascending  order,  by  a  great  de- 
posit of  grey  sandstone  and  shale  * 
containing  a  bed  of  limestone  and  a 
smaller  bed  of  g3rpsum,  the  former 
abounding  in  Producta  Lyelli  and 
other  characteristic  shells  of  the 
lower  carboniferous  system.  These  ^  c^ 

are  followedby  true  coid-measures.  Dip  of  bed.  s.  750  E«t. 

contammg  Lepidodendron,   Gala-        ««  Joints,  atrike  e.  and  w.   oip  s. 
mites,  Sigillaria,  Stigmaria,  &c.  *'  ®^  "^"^  ^'^""^  '""'^'^ 

In  examining  this  section,  an  observer  is  struck  by  the  contrast 
between  the  hardened  and  altered  sandstones  and  shales,  and  the  soft, 
light-coloured  marls  associated  with  the  gypsum.  Though  not 
uncommon  in  the  gypsiferous  series,  this  contrast  is,  in  the  case  of 
Flaister  Cove,  more  striking  than  usual,  in  consequence  of  the  com- 
paratively high  state  of  induration  of  the  sandstones  and  shales.     It 

*  The*  MUlstone  grit'  of  Mr.  Brown :  see  his  paper  on  Cape  Breton,  Journal 
of  Geol.  Soc.  vol.  i.  p.  211. 
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shows  bow  little  susceptible  of  induiation  by  beat  are  tbe  gypseous 
rocks,  and  illustrates  tbe  reason  of  tbe  absence  of  sections  in  tbe  vici- 
nity of  many  large  masses  of  gypsum,  in  localities  wbere  tbe  rocks  in 
general  are  hard  and  well-exposed. 

It  must,  I  tbink,  be  eyident  from  tbe  facts  above  stated,  tbat  tbe 
mass  of  ^psum  under  consideration  is  a  regular  aqueous  deposit, 
interstratified  witb  tbe  marls  and  limestone.  Tbis  l^in^  admitted, 
the  only  cause  wbicb  appears  competent  to  its  production  is  tbat  sug- 
gested by  Sir  C.  Lyell  in  bis  '  Travels  in  North  America,'  and  subse- 
quently illustrated  by  tbe  writer,  viz.  tbe  production  of  sulphuric  acid 
by  volcanic  action,  and  its  introduction  into  tbe  basins  in  wbicb  cal- 
careous matter  was  being  deposited.  On  tbis  hypothesis,  tbe  history 
of  tbe  deposit  would  be  somewhat  as  follows : — 

First,  the  accumulation  of  a  vast  number  of  very  thin  layers  of 
limestone,  either  so  rapidly  or  at  so  great  a  depth  that  organic  remains 
were  not  included  in  any  except  the  latest  layers.  Secondly,  tbe 
introduction  of  sulphuric  acid,  either  in  aqueous  solution  or  in  the 
form  of  vapour ;  the  acid  being  a  product  of  tbe  volcanic  action  whose 
evidences  remain  in  tbe  neighbouring  bills.  At  first  the  quantity  of 
acid  was  too  small,  or  tbe  breadth  of  sea  through  wbicb  it  was  dif- 
fused too  great,  to  prevent  tbe  deposition  of  much  carbonate  of  lime 
along  witb  tbe  gypsum  produced ;  and  its  introduction  was  accom- 
panied by  tbe  accumulation  on  the  sea-bottom  of  a  greater  quantity 
of  mechanical  detritus  than  formerly :  hence  tbe  first  consequence  of 
tbe  change  was  tbe  deposition  of  gypseous  marl.  At  tbis  stage  or- 
ganic matter  was  present,  either  in  the  sea  or  tbe  detritus  deposited, 
in  sufficient  quantity  to  decompose  part  of  tbe  sulphate  of  lime,  and 
produce  sulpburet  of  iron ;  ana  also  to  afford  the  colouring  matter  of 
the  nodules  of  black  hmestone  found  in  the  marl.  Thirdly,  tbe 
prevalence  for  a  considerable  period  of  acid  waters,  combining  witb 
nearly  all  tbe  calcareous  matter  presented  to  them,  and  without 
interruption  from  mechanical  detritus.  Tbe  anhydrite  must  have  been 
deposited  witb  the  common  gypsum;  but,  under  the  circumstances, 
it  seems  difficult  to  account  for  its  production,  unless  it  may  have 
been  formed  by  acid  vapours,  and  subsequently  scattered  over  the 
bed  of  the  sea.  Fourthly,  a  return  to  tbe  deposition  of  marl,  under 
circumstances  very  similar  to  tbose  wbicb  previously  prevailed ;  and 
lastly,  the  restoration  of  the  ordinary  arenaceous  and  argillaceous 
depositions  of  the  carboniferous  seas. 

Of  the  gypsum  veins  found  in  tbe  marls,  those  wbicb  are  white 
and  fibrous  may  bave  been  nearly  contemporaneous  in  tbeir  origin 
witb  tbe  marl  itself ;  tbose  which  are  red  and  lamellar  bave  been 
subsequently  introduced.  Tbe  granular  gypsum  is  in  all  cases  a  part 
of  the  original  deposit.  Tbe  comparatively  small  quantity  of  red  oxide 
of  iron  in  these  marls  and  other  associated  beds  is  tbe  most  important 
feature  of  difference  between  the  deposit  of  Plaister  Cove  ana  tbose 
of  most  other  parts  of  tbis  province.  There  is  however  a  large  quan- 
tity of  reddish  and  brown  sandstone  in  the  beds  overlying  tbe  gypsum,^ 
thouffb  on  tbe  whole  these  colours  are  less  prevalent  than  in  tbe  car- 
boni&rous  system  of  Nova  Scotia  proper. 
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2.  On  the  Tertiary  and  more  recent  Deposits  in  the  Island  of 
Nantucket.      By  M.  E.   Desor  and  Edward  C.  Cabot. 

(In  a  letter  to  Sir  Charles  Lyell,  Pres.  Geol.  Soc.) 

Knowing  how  much  you  are  interested  in  all  inquiries  about  the 
drift  of  this  country,  we  take  the  Uberty  to  forward  to  you  some 
specimens  of  shells  which  we  hare  lately  collected  from  the  cliffs  of 
Sancati  Head,  in  the  island  of  Nantucket.  Allow  us  to  accompany 
them  with  some  observations  upon  this  locality. 

The  cliff  of  Sancati,  as  you  know,  constitutes  the  eastern  border 
of  the  island  of  Nantucket,  rising  to  a  height  of  ninety-two  feet  above 
the  beach.  Although  covered  in  a  great  measure  with  the  loose  sand 
that  is  carried  by  the  wind  from  the  beach,  yet  there  are  several 
points  where  the  successive  layers  are  to  be  seen,  as  for  example  near 
the  tripod :  fig.  1  will  give  an  idea  of  their  superposition. 

Fig.  1. 


At  the  base  of  the  cliff  is  found  a  stratum  of  brown,  very  brittle 
and  nartly  sandy  clay  (/),  nearlv  twenty  feet  thick.  Over  this  rests 
a  bed  of  gravel  several  feet  thick  (k),  which  is  overlaid  by  a  stratum 
of  homogeneous  white  sand  (j).  On  this  is  found  a  layer  of  very 
tough  clay  (t),  very  similar  in  its  aspect  to  the  plastic  clay  near  Paris, 
except  that  it  contains  a  great  many  nodules  of  ferruginous  sand. 
This  clay-bed  is  overlaid  by  an  oyster-bank  (A)  one  foot  thick,  inter- 
mixed and  covered  by  large  masses  of  Serpula  (ff),  which  are,  like  the 
oysters,  in  their  natural  position.  There  are  besides  a  great  many 
other  shells  scattered  throy^h  this  bank,  all  of  them  in  a  most  perfect 
condition,  although  it  is  difficult  to  preserve  them  entire  when  taken 
out  from  the  layer.  This  oyster-bimk  is  followed  by  another  foasi- 
liferous  stratum  (/),  in  which  the  shells  are  in  a  different  state :  they 
bear  evident  traces  of  exposure,  the  valves  of  the  bivalves  being 
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generaUj  isolated,  and  the  Balanus  disintegrated  and  more  or  less 
worn.  There  are  besides  no  traces  of  dendritic  (manganese)  incrusta- 
tions, which,  as  yon  will  perceive,  are  yery  common  on  most  shells  of 
the  oyster-bank  beneath.  Aboye  this  stratum  of  loose  shells  there  is 
found  a  series  of  layers  of  sand  and  grayel,  with  a  thickness  of  nearly 
fifty  feet,  in  which  eyery  yariety  of  materiab  may  be  seen,  from  the 
finest  sand  to  the  coarsest  srayel.  On  the  top  of  these  sand  layers 
lies  a  stratum  of  dry  peat  (6),  filled  with  trunks  and  roots  of  trees, 
the  remains  of  a  peat  bog  that  has  been  drained  by  the  washing  away 
of  the  cU£f.  Finally  there  is  seen,  coyering  this  peat  deposit,  a 
stratum  seyeral  feet  thick  of  fine  sand  (a),  wUch  has  been  deposited 
by  the  wind,  as  is  evident  from  its  form,  being  everywhere  bent  ac- 
cording to  Uie  outline  of  the  hill,  and  likewise  from  the  fact  that 
there  is  not  a  single  stone  to  be  found  in  it,  but  only  such  grains  of 
sand  as  are  capable  of  being  transported  hj  the  wind,  thus  Wording 
a  striking  instance  of  the  action  of  wind  m  the  formation  of  strati- 
fied deposits. 

The  strata  thus  enumerated  seem  at  first  horizontal,  but  in  digging 
along  their  ed^es,  we  soon  ascertained  that  they  all  dipped  to  the 
west,  their  inchnation  yar^^  from  fifteen  to  five  degrees,  the  upper 
beds  being  generally  less  mclmed  than  the  lower  ones.  The  inferior 
clay  stratum,  however,  was  found  to  differ  considerably  from  the 
others,  its  dip  being  nearly  thirty  degrees  to  the  south-west,  and  in 
some  places  even  as  much  as  forty  degrees. 

This  circumstance  induced  us  to  examine  this  lower  cla^  stratum 
more  carefully.  Having  made  out  a  spot  where  the  overlymg  gravel 
bed  was  seen  in  immediate  contact  with  the  top  of  the  clay,  we  could 
distinctly  trace  its  unconformable  deposition,  the  gravel  bein^  seen 
dying  out  towards  the  more  inclined  clay-stratum,  as  shown  m  the 
above  section,  fig.  1,  taken  on  the  side  of  a  gully  in  the  cliffs.  Such 
differences  in  the  inclination  cannot  be  attmuted  merely  to  a  differ- 
ence in  the  mode  of  deposition.  A  considerable  change  of  level  must 
have  taken  place  between  the  deposition  of  the  cla^  and  that  of  the 
^vel.  And  although  no  fossils  have  been  found  m  this  clay,  yet  its 
great  resemblance  to  the  clay  of  Truro  in  Cape  Cod,  wluch  Mr. 
Hitchcock  considers  as  tertiary,  leads  naturally  to  the  idea  that  they 
may  be  contemporaneous,  and  probably  of  the  same  epoch  as  the 
clay  of  Gay  Head,  which  you  have  proved  to  be  miocene.  Indeed 
there  may  be  seen  below  the  red  clay  of  Gay  Head,  several  layers  of 
a  brown  sandy  clay  very  similar  to  that  of  Sancati.  Thus  the  ter- 
tiary cliffs  of^^  Gay  Head  should  no  longer  be  looked  upon  as  an 
isolated  fact,  but  the  cliffs  of  Sancati  may  be  considered  as  the  op- 
posite outcrop  of  a  large  tertiary  basin,  underlying  the  islands  of 
Nantucket  and  Martha's  Vineyard,  fig.  2,  and  extendingto  the  south 
below  Long  Island,  and  to  the  north  as  far  as  Truro.  The  edges  of 
this  basin  having  thus  been  raised,  became,  at  the  time  of  the  deposit 
of  the  drift,  a  nucleus  against  wHch  the  tide-currents,  according  to 
the  theory  of  Capt.  Davis,  deposited  the  mud,  sand  and  gravel 
which  they  carried  with  them  in  their  course  along  the  eastern  coast 
of  the  United  States,  just  as  they  do  at  present.     We  are  even  in- 
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Fig.  2. 
Seetumflvm  Gay  Head  to  SaneatL 
Idand  of  Martha»«  rraeyMd.  Nantucket. 


a.  Tertiny  day.  c.  Ojiter-bank. 

b.  Stratified  dnft  (snid  and  gravd).        d.  Stratified  drift,  sand  overlying  the  oyater-baoak. 

clined  to  consider  the  tertiary  itself  as  deposited  by  the  same  tidal 
agency,  being  formed  from  the  detritus  of  the  greensand  of  New 
Jersey ;  a  supposition  which  seems  the  more  probable  as  it  would 
account  for  the  great  similarity  of  materials  between  the  greensand  of 
New  Jersey  and  the  tertiary  of  Long  Island,  a  similarity  which  is  so 
striking,  that  it  led  eyen  Mr.  Mather  to  consider  this  tertiary  as  iden- 
tical with  the  greensand. 

Concerning  the  drift  overlying  the  tertiary  clay  at  Sancati,  it  is 
obvious  from  the  regularity  of  the  strata,  and  from  the  very  perfect 
state  of  preservation  of  the  shells  imbedded  in  it,  that  it  has  not  un- 
dergone any  violent  disturbance  since  their  deposition.  The  species 
collected  by  us  in  the  above-mentioned  oyster-bank  are  the  following: 
Venut  mercenariat  plenty.  Buceitutm  undahtMf  rather  rare. 

Mya  arenariaj  plenty.  pUeotum,  abundant. 

Oitrea  boreaUs^  a  bed  sevenil  feet  thick.  Nomm  obsokta^  abundant. 

Area  tranwersa,  very  abundant.  trhnttata,  abundant. 

Solen  entii,  abundant,  but  very  brittle.    Scataria  groenlandiea,  rare. 
Astarie  Cartanea,  rather  rare.  Balanut  mgosug,  very  abundant. 

Cardita  borealis,  rare.  SerpuUit  forming  a  layer  several  feet  thick. 

Cumingia  iellinoidet,  rather  rare.  Pagttnu  paUicarit  (daws). 

Crepidtdafomicataf  abundant. 

Now  these  are,  without  any  exception,  the  same  spedes  that  are 
found  living  on  the  shore  of  Nantucket  and  Cape  Cod,  and  as  they 
are  all  in  their  natural  position,  the  bivalves  having  almost  always 
the  two  valves  united,  and  the  Venus  being  commonly  half  open,  just 
as  they  are  found  on  the  beaches  when  the  muscles  have  relaxed  after 
death,  we  may  fairly  infer  that  in  this  part  of  the  continent  at  least, 
the  climate  has  not  undergone  any  considerable  change  since  the 
deposition  of  these  fossils. 

The  presence  of  a  stratum  of  disintegrated  shells  of  the  same 
species,  resting  upon  the  undisturbed  oyster-bank,  may  easily  be 
accounted  for  by  a  somewhat  more  violent  action  of  the  tides,  which 
deposited  in  this  irregular  manner  a  part  of  the  shells  which  were 
washed  off,  from  the  oyster-bank  itself,  in  the  same  way  as  is  the 
case  now  among  the  Nantucket  shoals.  Indeed  there  is  to  be  found 
on  the  slopes  of  every  shoal  ridge,  a  region  from  which  the  dredge 
brings  up  nothing  but  loose  and  broken  shells.  This  region  is  so 
characteristic  and  so  constant,  that  one  of  us  has  designated  it  in  his 
*'  Report  on  the  Distribution  of  Animals  among  the  Shoals*,*'  under  a 
peculiar  name,  as  the  Region  of  Broken  Shells.  According  to  Ci^it. 
*  See  Proceedings  of  the  Boston  Natural  History  Society. 
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Davis's  view,  the  shells  are  deposited  in  this  way  by  the  tidal  current 
along  the  shoal  ridges,  which  act  as  so  many  nuclei. 

Until  last  year  it  was  assumed  by  the  geologists  of  this  country 
that  there  were  no  fossils  to  he  found  in  the  drift,  south  of  Lake 
Champlain  and  the  State  of  Maine,  when  one  of  us  had  the  good 
fortune  to  discover  several  species  in  the  drift  of  Brooklyn  near  New 
York*.  Similar  fragments,  especially  of  Fenus  mercenaria,  have 
since  been  found  in  the  cliffs  of  Point  Shirley,  in  Boston  Harbour. 
Now,  as  the  fossil  shells  in  both  places  are  of  the  same  species  as 
those  of  Sancati  Cliff,  there  is  every  reason  to  consider  them  as  be- 
longing to  the  same  period,  their  more  or  less  perfect  state  of  preser- 
vation depending  merely  upon  local  influences.  It  ought  further  to 
be  stated,  that  wherever  the  shells  are  worn  or  broken,  and  the  strata 
which  contain  them  coarse  and  irregular,  it  is  either  in  such  places 
where  the  tidal  currents  must  have  been  violent,  so  as  to  carry  and 
deposit  promiscuously  heavy  pebbles  and  minute  shells,  as  in  the 
cliffs  of  roint  Shirley ;  or  in  such  places  where  we  must  suppose  that 
floating  ice  was  at  work,  carrying  indiscriminately  heavy  materials, 
pebbles  and  boulders,  together  with  oysters  and  other  shells  detached 
from  the  neighbouring  flats,  and  heaping  them  up  in  the  comers  of 
bays  and  sounds.  This  seems  to  have  been  the  case  with  the  coarse 
deposits  of  Brooklyn,  where  oysters  and  Venus  are  generally  found 
imbedded  in  a  reddish  loam  intermixed  with  pebbles  and  l>oulders, 
many  of  which  are  distinctly  scratched,  thus  reminding  us  of  similar 
actions  which  you  have  described  in  Fundy  Bay  and  in  the  St.  Law- 
rence ;  whilst  in  other  places,  like  Nantucket  and  the  bays  and  fiords 
of  Maine,  a  more  quiet  action  prevailed,  so  as  to  allow  the  shells  to 
be  preserved  in  their  natural  place  and  position  after  death.  [Among 
the  drift  fossils  collected  at  Augusta,  on  the  Kennebee,  there  are 
many  which  have  preserved  their  colour  in  a  most  perfect  manner, 
especially  Astarte  and  Mytilus.] 

Anally,  the  fossils  of  the  dnft  of  Nantucket  bear  such  a  striking 
simQarity  to  those  of  the  newer  phocene  of  the  Southern  States, 
that  they  become  a  natural  link  between  the  northern  and  southern 
deposits.  Instead  of  considering  these  as  so  many  distinct  formations, 
we  should  therefore  henceforth  look  at  them  as  mere  modifications  of 
the  same  deposit,  being  the  result  of  the  same  agencies,  viz.  oceanic  ^ 
tide-currents  along  the  whole  coast  of  the  United  States,  combined 
with  gradual  and  secular  oscillations  of  the  whole  continent,  the  local 
strength  of  the  tidal  currents  affording  a  sufBcient  explanation  for 
local  diversity  in  the  arrangement  and  size  of  the  materials  in  each 
locality. 

Viewed  in  this  light,  the  drift  formation,  heterogeneous  as  it  may 
appear  at  first,  can  be  cited  as  a  fair  illustration  of  that  great  principle 
of  yours,  that  it  is  by  the  application  of  actual  causes  that  we  arrive 
at  a  true  understanding  of  the  origin  and  diversities  of  geological 
formations. 

^  E.  Desor's  Letter  to  M.  de  Vemeuil,  in  the  Bulletin  de  la  Soci^te  G^logiqne 
de  France,  1847.  A  most  interesting  collection  of  the  drift  fossils  of  Brooklyn 
has  since  been  made  by  Mr.  Redfield. 
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How  far  this  theory  of  the  tidal  current  applies  to  the  more  ancient 
^logical  formations  of  this  country,  we  shall  attempt  to  establbh 
m  another  letter. 


3.  NoteB  on  some  Recent  Foot-prints  on  Bed  Mud  in  Nova  Scotia, 
collected  by  W.  B.  Webster  of  ELentville.  By  Sir  Charles 
Lyell,  P.G.S. 

I  beg  to  present  to  the  Society  some  impressions  of  footsteps  which 
Mr.  Webster  has  sent  me,  at  my  request,  from  the  mud-flats  of  Kent- 
ville  in  Nova  Scotia. 

In  my  *  Travels  in  North  America,'  vol.  i.  p.  168.  plate  7,  I  have 
given  a  plate  and  description  of  some  of  these  foot-prints  made  by 
the  sandpiper  (Tringa  minuta),  which  I  saw  daily  running  along 
the  water's  edge  in  the  Bay  of  Fundy.  The  deposit  there  consists 
usually  of  red  mud,  with  which  the  waters  are  charged  by  the  under- 
mining of  cliffs  of  red  sandstone  and  soft  red  marl.  The  tides  rise 
very  Meh,  and  when  they  are  lowest,  large  areas  recently  overspread 
with  red  mud  are  laid  dry,  and  are  often  baked  in  the  sun  for  many 
days,  so  that  the  mud  becomes  consoUdated  and  retains  permanently 
the  impressions  of  rain-drops,  and  the  tracks  of  birds  and  animals 
which  walk  over  it. 

Mr.  Webster  tells  me,  that  the  divisibility  of  the  solid  mud  into 
lavers  arises  from  the  deposit  of  each  tide  beine  separated  by  a  layer 
of  sand  or  loam  thrown  down  when  the  tide  nrst  rushes  along  the 
bank.  The  sandy  particles  being  the  heaviest  are  first  deposited, 
and  then  the  thin  layer  of  mud  on  which  the  birds  walk  when  the 
tide  recedes.  On  examining  these  specimens,  I  perceive  that  while 
some  of  the  foot-prints  standing  out  in  reUef  on  the  under-sides  of 
the  slabs  are  casts  of  impressions  made  in  a  subjacent  layer,  and 
therefore  do  not  correspond  with  the  imprints  on  the  upper  side, 
some  of  the  projecting  feet-marks,  on  the  contrary,  which  are  almost 
eaually  sharp,  are  formed  by  the  forcing  down  of  the  soft  mud,  beneath 
wiiich  there  was  a  sandy  layer. 

On  some  of  the  specimens  will  be  seen  the  foot-print  of  a  cat, 
,  which  was  no  doubt  in  pursuit  of  the  birds,  and  which  was  walking 
with  its  claws  drawn  in.  In  this  case  the  weight  was  so  great  that 
the  foot  has  displaced  several  of  the  underlying  laminae  of  mud  and 
sand,  and  has  caused  them  to  be  uneven,  without  effacing  the  bird- 
tracks  previously  formed  there.  On  other  specimens,  worm-like 
tracks,  similar  to  those  we  often  meet  with  on  older  rocks,  are  visible. 

Some  of  the  specimens  are  in  their  natural  state,  and  have  remained 
entire ;  but  most  of  them  have  been  slightly  baked  in  an  oven  by 
Mr.  Webster  to  enable  them  the  better  to  bear  their  weight  in  tra- 
velling. 
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March  7,  1849. 

E.  T.  Rayenshaw,  Esq.,  and  Henry  T.  Slack,  Esq.,  were  elected 
Fellows  of  the  Society. 

The  following  papers  were  then  read : — 

1 .  On  some  Fossili/erous  Beds  overlying  the  Red  Crag  at  Chilles- 
FORD,  near  Orford,  Suffolk.  By  Joseph  Prestwich,  Jun., 
Esq.,  F.G.S. 

OotliDe  mtp  of  the  district,  showing  the  hearings  of  the  principal  places 
mentioned  in  the  paper. 


A.  Aldbonragh  diurdi. 

B.  Butley  church. 

C.  ChiUoford  diavdi. 
I.  Iken  churdi. 

O.  Orfbrd  church. 
8.  Sudboom  church. 
T.  Tuoatall  churdi. 


e.  Chnieafbrd  brickfldd. 

j.  Ikenbrickfidd. 

«.  h.  Sudboum-hall. 

R.  A.  River  Aide— fieny  at "/.» 

B.  R.  The  Butley  River. 

....  Line  of  lectioii  **  fig.  3.** 

Scale  1  inch  s  3  miles. 


This  paper  is  the  resnlt  of  a  short  excursion  in  the  Crag  district  in 
company  with  Mr.  R.  C.  Austen,  Mr.  J.  Morris  and  Mr.  A.  Tylor, 
jointly  with  whom  the  following  ohservations  were  made. 

One  of  the  objects  which  we  had  in  view  was  to  ascertain  whether 
the  distinction  of  age  introduced  upon  palseontological  grounds,  be- 
tween the  crags  of  Norfolk  and  Suffolk,  could  be  confirmed  by  visible 
superposition.  With  regard  to  the  red  and  coralline  crags  of  the 
latter  county,  their  direct  and  dbtinct  superposition  had  been  satis- 
factorily proved  both  by  Mr.  Charleswortn  and  by  Sir  Charles  Lyell 
on  the  evidence  of  several  sections,  whilst  on  the  evidence  of  its  fossils 
the  mammaliferous  crag  of  Norfolk  has  been  assigned  bv  them  to  a 
higher  geological  position  than  the  red  and  coralline  crags ;  but  no  direct 
superposition  of  the  mammaliferous  on  the  red  and  coralline  crags  had 
been  detected,  nor  had  these  deposits  been  found  developed  together 
in  the  same  district.     This  circumstance,  combined  witn  the  ract  of 
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the  mammaliferous  crag  exhibiting  a  group  of  fossils,  a  large  propor- 
tion of  which  are  of  estuary,  fluyiatile,  and  land  origin,  whilst  that  of 
the  red  crag  is  in  greater  part  marine,  added  to  the  very  disturbed 
aggregation  of  strata  of  the  latter,  caused  us  to  entertain  some  doubts 
as  to  whether  the  conditions  imder  which  they  were  respectively  ac- 
cumulated might  not  hare  so  modified  their  faunas  as  to  render 
conclusions,  however  able,  drawn  from  a  comparative  estimate  of 
such  faunas,  of  uncertain  value  owing  to  the  want  of  parallelism  in 
the  data.  This  therefore  presented  a  case  in  which  the  test  of  super- 
position appeared  desirable. 

Small  and  ill-exhibited  patches  of  the  mammaliferous  crag  had 
been  traced  at  distant  intervals  from  the  neighbourhood  of  Norwich 
to  Thorp  Common,  two  miles  north  of  Aldborough,  thus  ending  ap- 
parently near  to  where  the  coralline  and  red  crags  set  in.  We 
therefore  here  commenced  our  examination  of  this  district,  and  in  the 
course  thereof  we  were  fortunate  enough  to  meet  with  a  bed  of  a 
character  unusual  in  the  Crag  districts,  and  which,  although  it  does 
not  settle  the  question  we  had  proposed  to  ourselves,  is  of  much  in- 
terest both  in  its  physical  conditions  and  in  its  organic  remains. 

The  course  we  first  took  was  from  Aldborough  m  a  south-westerly 
direction  towards  the  parish  of  Iken  (see  map,  p.  345),  and  at  a 
distance  of  a  mile  to  a  mOe  and  a  half  from  the  ferry  over  the  Aide, 
we  reached  several  pits  of  the  ordinary  coralline  crag,  which  here 
rose  in  a  low  ridge  of  hills  on  the  borders  of  the  sea-marshes. 
Thence  turning  northward  we  crossed  a  small  valley,  and  in  ascending 
the  opposite  hill  noticed  a  pit  in  a  field  to  our  left,  and  close  adjoin- 
ing the  eastern  side  of  a  farm-house  which  stands  exactly  by  the 
Ordnance  map  two  miles  due  west  in  a  straight  line  from  the  Martello 
tower  immediately  south  of  Aldborough.  At  a  short  distance  this 
pit  presented  the  appearance  of  yellow  sands  overlaid  by  the  common 
bluish  grey  great  clay  drift  of  the  district,  but  on  a  nearer  approach 
we  found  it  to  consist  of  finely  laminated  micaceous  clays,  with  im- 
pressions of  shells,  overlying  light  yellow  sands,  also  with  impressions 
of  shells  of  the  genera  Mya^  Tellina,  Nucula  and  Cardium ;  but  the 
impressions,  or  rather  casts,  were  so  friable  that  they  could  not  be 
removed,  and  only  in  a  few  cases  were  Mr.  Morris  and  Mr.  Austen 
able  to  determine,  with  some  doubt,  the  species  which  apparently 
would  agree  with  those  we  afterwards  met  with  at  Chillesford. 

There  were  no  beds  of  the  red  or  coraUine  crag  here  exposed 
whereby  the  relations  of  this  deposit  might  be  ascertained.  From 
the  outline  of  the  country,  and  from  the  occurrence  of  a  pit  of  coral- 
line crag  at  a  short  distance  to  the  south-east  and  on  a  rather  lower 
level  on  the  hill,  this  latter  deposit  appeared  to  pass  below  these  fos- 
siliferous  clays  and  sands, — a  supposition  shortly  confirmed  by  another 
section  at  Iken  brick-field,  about  a  quarter  of  a  mile  further  northward 
and  on  the  same  level.  (See  fig.  1,  p.  347,  and  Sections,  fig.  3,  p.  349.) 

We  here  have  the  direct  superposition  of  the  fossiliferous  clays  and 
sands  "  b  "  and  "  c  "  on  the  coralline  crag  "  tf."  There  is  however 
no  passage  between  them.  Although  in  apparent  conformable  stra- 
tification, they  are  separable  in  structure.     The  surface  of  the  semi- 
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Fig.  1. 
Section  at  Iken  Brick-field, 


a.  Flint  gnvd,  1  to  3  feet. 


srer  clays  and  sandi  with  indistinct  im- 
ofshd 


ions  of  sheUs,  10  feet. 
I,  4  feet. 


it  Yellow  coralline  crag  fuU  of  the  ordinary 
Vcontl**  +30  feet. 


compact  calcareous  coralline  crag  is  slightly  uneyen  and  waterwom. 
The  sands  which  repose  upon  it  are  more  siliceous,  and  exhibit 
at  their  base  occasional  patches  of  rounded  and  angular  gravel,  in 
which,  we  were  informed,  blocks  of  hard  stone  of  considerable  size 
were  sometimes  found.  Both  in  mineral  structure  and  in  organic 
remains  there  is  eyidence  of  a  change  of  conditions.  Of  all  the 
abounding  corals  of  the  coralline  crag,  none  exist  in  this  upper  bed. 
Instead  of  the  thick  mass  of  peculiar  zoophytes  and  mollusks  of  the 
former,  we  find  a  new  and  scan^  fauna  imbedded  in  a  very  different 
manner.  In  the  cra^  both  coralline  and  red,  but  more  especially  in 
the  latter,  the  orgamc  remains  are  accumulated  generally  in  great 
confusion ;  the  bivalve  shells  rarely  have  their  two  valves  tc^ther, 
are  often  broken,  and  oftener  still  form  whole  beds  of  their  commi- 
nuted fragments.  Tet  more  rarely,  apparently,  do  the  remains  occur 
in  the  position  in  which  the  animal  lived.  But  in  these  overlying 
clays  and  sands  such  appears  to  be  the  usual  condition,  and  not  the 
exception.  The  bivalves  which  we  found  very  constantly  exhibited 
both  the  valves  in  contact,  and  often  in  the  position  in  which  the 
animal  lived.  We  could,  however,  at  this  pit  only  note  their  forms ; 
the  shell  had  in  all  cases  been  removed,  and  merely  a  soft  cast  of  clay 
or  sand  was  left  behind. 

We  thence  proceeded  southward  to  Sudboum,  examining  on  our 
way  several  pits  which  exhibited  no  traces  of  the  beds  "5"  and  "c," 
but  afforded  many  very  good  and  interesting  examples  of  the  super- 
position of  the  red  crag  on  the  coralline  crag.  Neither  did  we  ob- 
serve the  newer  beds  in  the  neighbourhood  of  Orford  or  of  Sudboum 
Park.  Taking  thence  a  westerly  direction  to  Chillesford,  three  miles 
by  road  north-west  from  Orford,  upon  arriving  at  the  entrance  of  the 
village  we  turned  off  to  the  brick-kiln,  whicn  stands  on  the  hill  a 
quarter  of  a  mile  north  of  the  main  road,  and  there  found  another 
outcrop  of  fossiliferous  clays  and  sands,  forming  partly  the  surface  of 
the  hiU-top,  and  consisting  of  twelve  feet  of  yellow  and  grey  sandy 
clays  more  or  less  laminated,  with  numerous  indistinct  casts  and  im- 
pressions of  shells,  overlying  five  feet  of  yellow  sand,  with  a  few  shells 
scattered  in  its  lower  part.  The  crag  beds  did  not  come  to  the  surface 
in  this  pit ;  but  in  a  well  about  thirty  feet  deep,  sunk  in  the  middle 
of  the  pit  and  through  the  yellow  sands,  the  workmen  informed  us 
that  the  common  red  crag  of  the  country  was  reached  at  a  depth  of 
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eight  to  ten  feet.     They  also  stated  that  in  the  heds  of  clay  they  not 
unfrequently  found  large  bones.    (See  Section  fig.  3,  p.  349.) 

Hdf  a  mOe  westward  from  this  brick-field  is  Chillesford  Church, 
to  the  north-east  of  which  and  immediately  adjoining  the  church- 
yard is  a  pit  marked  in  the  Ordnance  map  as  a  clay-pit,  and  present- 
ing a  section  of  much  interest. 

Fig.  2. 

Section  a^oining  Chilleq/brd  Ckureh, 

a.  light  grey  (xniglomente  dfty  drift  and  traees  of  gravd. 

b     h.  Luninmted  li^t  grey  and  ydlow  day^  aanda  paanig 
-_  downwards  into  beds  more  entirely  of  ydlow  aaada  (e). 

--_  ^  Shells  disseminated  irregularly  througaont. 


The  shells  of  which  we  observed  but  the  casts  in  the  preceding' 
pits  we  here  obtained  quite  perfect,  although  in  a  very  friable  state ; 
and  few  broken  or  imperfect  shells  were  to  be  seen.  Nothing  could 
be  more  tranquil  than  the  mode  in  which  they  were  imbedded, — the 
larger  bivalves  commonly  in  their  normal  position  as  when  Hving. 
The  species  were  not  numerous,  but  individuids  of  many  of  the  species 
abounded.  Those  which  were  found  in  the  greatest  abundance  were  the 
Cyprina  islandica,  Mya  truncata,  TeUina  obliqua,  Nucula  Cohboldue, 
Leda  myalis,  and  Turrit ella  terebra.  We  also  obtained  a  few  small 
vertebrae  of  fishes.  In  this  pit  the  clays  and  sands  do  not  form  se- 
parate beds,  but  are  more  mixed  and  pass  one  into  the  other.  No 
crag  beds  are  exposed  in  this  section,  but  lower  down  the  hill,  close 
to  the  main  road  and  at  a  distance  of  about  150  yards  to  the  south, 
is  a  pit  of  red  crag  twenty  to  twenty-five  feet  thick,  presently  its 
most  marked  characters  and  full  of  its  most  common  fossils.  There 
is  httle  doubt,  I  think,  of  the  red  crag  passing  under  the  beds  of 
Chillesford  Church  pit  at  a  depth  of  a  ^w  feet.  (See  Section  fig.  3, 
p.  349.) 

Here  we  were  obliged  to  conclude  our  observations,  having  traced 
the  fossiliferous  sands  and  clays  over  a  district  from  north-east  to 
south-west  of  about  three  mOes  and  a  half.  Beds  of  a  very  similar 
appearance,  but  without  organic  remains,  we  observed  the  following 
day  at  the  brick-kiln  one  mile  north  of  Aldborough.  The  coralline 
crag  outcropped  at  a  short  distance  from  it,  and  on  a  lower  level. 

Early  in  tiiis  month  (November  1848)  I  paid  another  visit  to  this 
district;  but  although  I  traversed  it  in  several  directions  between 
Orford,  Iken,  Tunstall,  Chillesford  and  Woodbridge,  yet  I  met  with 
no  sections  so  illustrative  as  those  I  have  now  described.  There 
were,  however,  many  which  would  seem  to  corroborate  and  extend  the 
structure  we  noted  last  spring.  Thus  in  the  two  sand-pits  between  the 
Black  Walks  Woods  and  the  keeper's  house  at  Iken,  the  same  lami- 
nated greyish  clays  from  five  to  ten  feet  thick  are  seen  overlying  the 
yellow  sands,  at  a  short  depth  below  which  traces  of  the  red  crag 
have  been  dug  up. 

The  excessive  wet  prevented  me  from  making  any  complete  exami- 
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nation  of  these  clajs.  On  Tunstall  Heath  these  same  laminated  clays 
were  yisihle  in  sereral  pits.  Neither  had  I  the  time  necessary  for 
a  further  research  in  this  district,  and  I  be^  therefore  to  direct  the 
attention  of  other  seolo^ts  to  this  interestmg  field  of  observation. 

I  have  appended  a  list  of  a  few  localities  where  some  illustrative 
sections  of  the  several  deposits  are  exhibited'*'. 

Concltmons, 

From  the  few  facts  above  detailed  it  would  at  all  events  appear 
that  the  coralline  and  red  crags  are  on  the  hills  north  of  Orford  over- 
laid unconformably  by  a  deposit  ten  to  twenty  feet  thick  of  a  distinct 
mineral  and  paleeontological  character.  In  Iken  parish  this  deposit 
dearlj  reposes  upon  the  coralline  crac,  and  at  Chillesford  the  red 
crag  IS  at  one  point  shown  to  occur  below  it,  and  at  another  to  out- 
crop at  a  short  distance  from  it  on  a  lower  level.  The  red  crag  is 
also  frequently  found  between  these  two  places  on  the  slopes  of  the 
hills,  the  summits  of  which  are  capped  by  the  clays  and  sands.  The 
following  section  would  therefore,  I  infer,  represent  the  structure  of 
this  part  of  the  country. 

Fig.  3. 
Seciion/rom  Iken  to  ChUle^fbrd, 

CbiUeaford    Brick-  Black  Walks  Wood.         Uten 

ehureh.    1  kiln.  S  1  brick-kiln. 


S.W.  3  3  4  N.E. 

1.  FoMiliferoiis  clajs  and  aanda  {"b  and  e  ").  The  day*  are  uraaUy  of  a  light  bluiah  grey 
colour,  are  micaceous,  and  laminated  commonly  with  yellow  and  fierraginotu  sandi. 
Their  organic  remains  are  generally  in  casta,  and  only  occasionally  are  the  shells  pre- 


grarel. 
9.  Sands.  3.  Red  crag.  4.  Coralline  crag. 

The  distinctive  peculiarity,  in  the  Crag  district,  of  such  beds  as 
those  of  Iken  and  Chillesford,  consists  in  their  argillaceous  structure, 
their  evidently  tranquil  accumulation,  and  in  the  rare  circumstance 
that  the  organic  remains  are  imbedded  in  them  mostly  in  their  normal 
position,  and  in  a  perfect  state  of  preservation, — conditions  not  com- 
mon in  the  coralline  crag,  and  extremely  rare  in  the  red  crag.  The 
latter  especiaUy,  as  it  is  well  known,  presents  every  appearance  of  a 
most  disturbea  condition  of  the  waters  in  which  it  was  accumulated ; 
there  is  scarcely  a  tranouil  spot  in  its  whole  area.  In  these  overlying 
beds,  on  the  contrary,  the  state  of  quiet  appears  to  have  been  most 
perfect.  This  is  important,  as  we  may  hope  to  obtain,  under 
these  circumstances,  clear  palaeontological  proofs  of  their  age.  In 
the  red  crag  period  the  currents  and  movements  of  the  sea  were 
apparently  so  strong  and  constant,  and  the  extent  to  which  the  coral-' 
Ime  crag  was  worn  down  and  abraded  by  these  causes  is  so  evident, 
that  the  determination  of  the  organic  remains  proper  to  the  red  crag 
is  attended  vnth  some  uncertainty,  as  it  must  at  times  be  difficult  to 

*  See  Note  at  end. 

2b2 
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determine  to  what  extent  the  fossiLi  of  the  coraUine  crag*  maj  bare 
been  removed  and  re-imbedded  in  the  red  crag,  especiallj  as  the 
lithological  structure  and  composition  of  these  two  deposits  presented 
every  facility  for  such  a  transfer  and  assimilation.  But  in  these  days 
we  have  the  organic  remains  preserved  on  the  spot  where  they  lived, 
and  in  a  condition  to  show  that  they  did  live  there,  and  therefore 
present  true  and  good  records.  The  number  of  specimens  which  we 
collected  was  smaS,  but  I  am  glad  to  find  that  Mr.  Searles  Wood  has 
since  visited  the  locality  and  obtained  from  it  a  more  extensive  col- 
lection than  we  had  time  to  make.  He  has  had  the  kindness  to  fur- 
nish me  with  the  following  list  of  the  specimens  he  procured : — 
MoLLUscA  Gastbeopoda.  Cardium  edule,  Lhm. 

Buccinum  undatam,  Lhm.  J^»?*  ^V^  ^ 

Nadca  catena, /)acot/a.  ,^    Cypnna  wlandio,  Imii. 

Turritella  communis,  Rmo.  ^^'  Tellinm  craaw,  Paiw. 

Littorma littorea,  Xmii.  T^'^^c 

obuqua,  /.  Sow. 

MoLLUSCA  ACBPHALA.  1711'*^""^  ^!*"*^ 

Mactra  ovaliB,  /.  Sow. 

5.  MytiluB  edulis,  Lmn.  (m.  dliptica.  Brown,) 

Modiola  discrepansf?  Mont,  20.  Abraajba,  Wood, 

Nucula  tenuis,  Mont,  (Mactra  Boysii,  Mont,) 

-— -  Cobboldiae,  Sow,  Panopsea  norvcgica,  %fengL 

Leda  artica,  (7.  &w.  Mya  tnmcata,  l^i. 
(Nucula  lanceolata,  Afiii.  Con,) 

1^-  — -  iny»li».  Balanus  communii. 

(Nucula  myalls,  Couihom^,)  Echinus ? 

Cardium  groenlandicum,  Ckemn. 

Mr.  Wood  observes,  in  speaking  of  this  deposit,  that  it  "  has  an 
arctic  character,  and  that  he  has  very  little  doubt  of  its  belonging  to 
a  period  posterior  to  that  of  the  red  crag,  and  equivalent  probably 
to  the  mammaliferous."  He  also  calls  attention  to  the  laige  quan- 
tity of  Foraminifera^  which  the  sand  contains.  This  opinion  of  an 
authority  such  as  Mr.  Wood  we  feel  to  be  important,  and  our  own 
observations  with  regard  to  superposition  would,  provided  we  had 
been  able  to  give  it  greater  extension  northward,  render  this  view  of 
the  a^  of  these  beds  a  probable  one ;  for  we  have  shown  that  these 
fossihferous  clays  and  sands  immediately  underlie  the  till  or  great 
conglomerate  clay-drift,  and  overlie  indiscriminately  both  the  coral- 
Une  and  red  crag,  than  both  of  which  it  must  conseouently  be  newer. 
But  the  palseontological  evidence  is,  I  think,  far  from  being  suffi- 
ciently decisive,  although  good  and  clear  as  far  as  it  goes.  We  yet 
want  to  trace  by  superposition  the  connecting  links  between  the  dif- 
ferent beds  of  this  district  and  those  of  the  nei^bourhood  of  Norwich. 

*  See  remarks  on  this  subject  by  Mr.  Charlesworth  in  hit  several  pq>ers  on  the 
Crag  in  the  '  Magazine  of  Natural  History'  for  1835,  and  in  the  '  LonoL  and  Edinb. 
Phil.  Mag/  for  1836. 

t  Specimen  imperfect. 

t  Mr.  Wm.  Cunnington  of  Devizes,  in  a  letter  to  me  on  this  subject,  obsarvet, 
'*  I  have  not  been  able  to  examine  the  sand  from  ChiUesford  with  the  attention 
which  I  could  have  wished.  Eight  or  ten  species  of  these  minute  fossils,  chiefly 
of  the  genera  Ro$alma  and  Roialnuh  have  been  recognized.  The  genera  are  leu 
numerous  and  less  varied  in  the  sands  of  Chillesfbrd  than  in  the  sands  of  the 
coralline  crag,  but  the  individuals  of  each  spedet  me  very  abundant" 


Digitized  by  VjOOQIC 


1849.]  PRXSTWICH  ON  THE  CRAG  AT  CHILLK8FORD.  351 

Should  the  identi^  of  these  heds  with  the  mammaliferous  crag  of 
Norfolk  be  proved,  then  the  evidence  as  given  in  this  one  locality  by 
superposition  will  be  in  perfect  accordance  with  the  triple  division 
of  the  crae  established  by  Mr.  Charlesworth.  Still  I  would  direct 
more  particular  attention  to  the  precise  relation  which  the  red  crag 
may  bear  to  this  deposit,  and  to  the  exact  determination  of  the  phse- 
uomena  at  their  junction,  of  which  we  did  not  meet  with  a  satisfactory 
exhibition. 

Of  the  2.3  species  enumerated  by  Mr.  Wood,  I  find  according  to 
Prof.  Forbes's  catalogue*,  in  his  Report  on  the  geological  relations  of 
the  existing  fauna  and  flora  of  the  British  Isles,  that  10  occur  in  the 
coralline  cragf,  21  or  22  in  the  red  crag,  22  or  23  in  beds  of  the  age 
of  the  Clyde  pleistocenes,  and  22  exist  in  the  present  seas  of  Green- 
land or  on  our  own  coasts.  Only  1  or  possibly  2  species  out  of  the 
23^  viz.  the  Nucula  Cobboldia  and  one  of  the  Tellines  probably,  do 
not  occur  recent. 

With  the  Bridlington  beds  this  group  shows  but  few  species  in 
common,  probably  not  more  than  6  or  7.  It  thus  appears  that, 
with  the  exception  of  one  or  two,  the  whole  of  the  species  associated 
together  in  tlus  bed,  range  from  the  period  of  the  red  crag  to  that 
of  the  present  day ;  8  or  9  were  conveners  at  the  period  of  Uie  coral- 
line crag  with  forms  of  a  more  southern  character ;  but  now  the  far 
larger  proportion  of  the  entire  group  are  inuabitants  of  the  northern 
seas,  and  a  smaU  portion  of  them  only  range  to  the  Celtic,  and  still 
fewer  to  the  Lusitanian  regions.  Altogether,  the  aspect  of  the  fauna 
ma^  be  certainlv  consider^  as  northern.  This  fact,  however,  as  the 
period  is  probably  the  one  inunediately  preceding  the  great  northern 
drift,  when  there  may  have  been  open  seas  to  the  north,  I  should 
rather  be  inclined  to  ascribe  to  the  lower  temperature  of  the  waters, 
arising  from  the  existence  of  currents  from  the  northern  seas,  than  to 
consider  it  as  evidence  of  a  land  temperature  much  different  from 
that  of  the  present  day. 

Further,  although  many  of  the  species  are  very  typical,  the  number 
common  to  several  periods  forms  too  large  a  proportion  of  the  total 
for  us  to  arrive  at  present  at  a  very  accurate  estimate  of  the  exact  age 
of  these  beds.  That  they  are  comparatively  of  recent  date,  is  indicated 
both  by  organic  remains  and  by  superposition,  but  our  knowledge  of 
their  fauna  ought  to  be  considerably  extended,  and  I  believe  that  the 
means  of  doing  so  exists,  before  the  exact  position  of  these  beds  can 
be  determined.  It  is,  however,  evident  that  they  are  more  recent 
Uian  the  red  crag,  and  older  than  the  great  northern  clay-drift,  which 
thus  reduces  the  question  to  within  comparatively  narrow  limits. 


Since  writing  the  above,  I  have  been  led  to  consider,  from  the  want 
of  a  more  general  agreement  between  the  fauna  of  this  deposit  and 

*  Memoirs  of  the  Geological  Surrey  of  Great  Britain,  vol.  i.  p.  406. 
f  This  includes  the  TwrriteUa  terebra,  which  Mr.  S.  Wood  gives  only  from  the 
red  crag. 
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that  of  Bridlington,  which  b  generally  held  to  he  the  marine  equiva- 
lent of  the  mammaliferous  crag,  and  from  the  veir  small  numher  of 
extinct  species  found  in  the  Chillesford  deposit,  whether  it  may  not 
possihly  helong  to  a  period  one  step  more  recent  than  the  manunali- 
ferous  crag ;  whether  in  fact  it  may  not  he  the  marine  representadve 
of  that  thin  marine  freshwater  and  land  series  which  on  the  north- 
eastern coast  of  Norfolk  is  spread  over  the  patches  of  the  Norwich 
crag,  and  immediately  underhes  the  great  northern  clay-drift. 

Note, — The  following  directions  may  be  useful  as  a  guide  to  a  few 
of  the  best  and  most  interesting  sections  in  this  district  of  the  Crag ; 
that  is  to  say,  in  the  small  tract  of  country  between  the  river  Butley 
and  the  river  Aide,  especially  as  it  is  here  that  we  have  the  fullest 
development  of  the  coralline  crag.  The  references  are  made  by  the 
Ordnance  Map. 

Coralline  Crag  Pits, 

Sudboum  HaU, — in  the  park,  one  tolong  north-west  of  the  house :  a 
large  shallow  section  in  the  lower  part  of  the  coralline  Crag,  cele- 
brated for  the  number  and  beauty  of  its  fossils,  especiaUy  its  Con- 
chifera. 

Ditto, — one  tolong  north-east  of  the  house :  higher  in  the  coralline 
crag ;  more  unproductive  in  shells,  but  richer  m  conds. 

Ditto, — half  a  mile  north-east  of  the  house ;  entrance  of  park  at  the 
junction  of  the  Aldborough  and  Woodbridge  roads :  rich  in  corals ; 
a  fine  and  large  section. 

Iken  parish  ;<— Bedlands  covert,  on  the  south-west  comer  of,  on  the 
borders  of  Iken  marshes :  a  small  field-pit ; — thin  beds,  very  com- 
pact. 

Ditto, — three  and  a  half  furlongs  west  of  Calton  farm :  a  fine  and 
large  pit. 

Ditto, — north  side  of  Ferry  farm-house,  one  mile  south-westward  from 
Aldborough  Ferry.  This  pit  exhibits  a  surface  of  crag  strongly 
indented  by  drift-sands  and  gravel. 

Pits  of  Coralline  Crag,  with  a  capping  o/Red  Crag. 

Sudboum  parish, — near  the  top  of  the  hill,  seven  tolongs  north-east 
hj  east  from  Sudboum  church.  This  is  a  very  interesting  pit,  ex- 
hibiting a  fine  section  of  fifteen  feet  of  red  crag,  reposing  on  twenty 
feet  of  coralline  crag,  both  aboundii:^  with  their  characteristic 
fossils. 

Ditto,-— exactly  intermediate  by  a  line  on  the  map  between  this  last  pit 
and  Sudboum  church,  by  the  side  of  a  lane  the  first  turning  to  tne 
left  in  proceeding  westward  from  Sudboum  church.  This  pit  also 
exhibits  an  excellent  section  of  the  red  and  coralline  crags. 

Ditto : — adjoining  and  intermediate  between  these  last  two  pits  are 
several  others,  some  of  them  of  considerable  size,  but  mosUy  exca- 
vated in  the  coralline  crag  only. 
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PiU  of  Red  Crag. 

Chillesford, — by  the  side  of  the  road  from  Orford  to  Woodbridge,  at 
the  point  where  the  hme  (east  side  of  it)  branches  off  to  Chillesford 
chnrch :  a  fine  large  section^. 

Ditto : — several  small  pits  on  the  heath,  about  half  a  mile  north-east 
from  Chillesford  brick-kiln. 

Pits  of  Foasiliferous  Clays  and  Sands  (b  &  c)  overlying  the  Coral- 
line  and  Red  Crags. 

Iken  parish : — ^brick-field.    (See  page  347.) 

Ditto : — two  smaU  pits  at  the  back  of  the  keeper's  house,  seven  fur- 
longs west  of  the  last  pit. 

Ditto,— on  the  edge  of  tne  wood,  three  frirloiie;s  south-south-west  of 
the  last  pit.  [In  the  last  two  pits  the  red  crag  occurs  at  their 
base ;  fossils  scanty.] 

Chillesford : — pit  by  the  church,  described  at  p.  348. 

Ditto : — at  brick-kiln,  described  at  p.  347. 

Ditto :— -on  the  Tunstall-road,  quarter  of  a  mile  from  its  junction  with 
the  Orford  and  Woodbridge  roads. 

Pits  in  Clays  ''b  &  c**;  in  places  fossiliferous. 

Dcen  parish : — pit  described  in  page  346. 

Ditto : — an  old  pit  in  a  field  quarter  of  a  mile  south-east  from  Yam 

HiU. 
Tunstall  parish : — on  the  south  side  of  the  road  leading  from  Tunstall 

to  Iken  HeaUi,  one  mile  and  three  frirlongs  nearly  due  west  of 

Tunstall  church. 
Ditto : — ^in  a  field  quarter  of  a  mile  south  of  the  same  road,  half  a  mile 

nearer  Iken  Heath  f. 


2.  On  the  Position  in  which  Shells  are  found  in  the  Red  Crag, 
By  T.  G.  Ringler-Thomson,  Esq. 

[Commanicated  by  Professor  Ansted.] 
[Abstract,] 
The  unvarying  position  of  the  bivalve  and  univalve  shells  in  the  red 
crag  formation  of  Suffolk  and  Essex,  in  many  localities,  has  not,  that 
I  am  aware  of,  been  ever  publicly  discussed.  The  inexhaustible 
stores  of  Pectunculi  in  this  formation,  as  well  as  the  other  less  nu- 
merous bivalves,  are  deposited  in  layers  of  various  thickness,  from 
six  inches  to  as  many  or  more  feet,  each  shell  having  its  inside  or 
concavity  downwards,  and  the  umbones  of  the  shells  having  in  general 
an  easterly  direction. 

*  On  the  opposite  side  of  the  Butley  river,  in  the  parish  of  Butle7»  are  several 
good  pits  of  red  crag.  I  would  especially  notice  those  about  half  a  niile  westward 
mm  the  Old  Abbey. 

t  The  greater  number  of  the  numerous  clay-  and  sand-pits  in  the  parishes  of 
Tunstall,  Wantesden  and  Iken,  are  in  the  unproductive  sands  overlyins  the  crag 
and  in  the  great  northern  clay-drifl.    Around  Orford  are  many  of  the  former. 
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By  repeated  experiment  it  was  found  that  water,  whetlier  quiescent 
or  running,  deposited  all  the  separated  bivalye  shells  with  the  inside 
or  concavity  upwards.  The  univalyes  are  deposited  with  their  moutha 
upwards.  These  experiments  are  so  simple  and  easily  made,  that 
they  need  not  be  enlarged  upon. 

As  these  positions  do  not  prevail  among  the  bivalves  and  univalves 
of  the  crag,  it  may  be  observed  that,  although  water  may  have  trans- 
ferred them  to  their  present  localities,  it  could  not  have  been  the  cause 
of  their  actual  position.  It  was  suspected  that  wind  might  have 
effected  this  alteration.  Shells  being  placed  upon  the  ground  as 
water  deposits  them,  and  being  blown  upon  with  a  pair  of  beUows, 
immediately  assumed  their  characteristic  crag  positions;  moreover 
the  umbo  of  each  shell  was  turned  in  the  direction  of  the  current  of 
air.  Repetition  of  this  experiment  on  the  sea-shore  showed  that  the 
shells  were  at  first  carried  along  the  beach,  their  umbones  being 
turned  firom  the  wind,  till  the  shell  was  completely  turned  over,  the 
place  of  the  umbo  beins  reversed  and  occupying  that  point  in  the 
circumference  of  the  sheU  nearest  the  wind. 

The  univalves,  whose  deposition  in  water  with  their  mouths  up- 
wards was  noticed  above,  on  beinff  subjected  to  a  current  of  air  rolled 
over  with  their  mouths  downwards,  the  axis  of  their  columellas  being 
generally  at  right  angles  to  the  direction  of  the  wind.  This  experi- 
ment was  tried  as  well  on  the  shore  as  in  the  house,  and  with  similar 
results  in  both  cases. 

If  the  experiments  are  allowed  to  be  conclusive,  which  it  is  thought 
they  fairly  may,  it  will  be  evident  that,  as  far  as  the  observations  go, 
the  water  must  have  left  the  shells  dry,  and  that  wind  then  forced 
them  into  their  present  position,  and  that  no  other  wind  than  an 
easterly  one  would  have  placed  the  umbones,  or  the  longitudinal  axis 
of  the  univalves,  as  they  are  now  found.  This  easterly  wind  must 
have  prevailed  for  a  lengthened  period  of  time,  and  experiment 
would  lead  us  to  infer,  with  no  inconsiderable  force. 

[This  paper  was  accompanied  by  a  table  of  observations  on  the 
position  of  the  shells  at  various  localities,  and  by  an  outline  map 
showing  the  supposed  direction  of  the  wind  at  each  when  the  shells 
were  deposited.] 


March  21,  1849. 

J.  G.  Lynde,  Jun.,  Esq.,  Rear  Admiral  Sir  Thomas  Trowbridge, 
G.B.,  and  M.  Sylvain  Van  de  Weyer,  the  Belgian  Minister,  were 
elected  Fellows  of  the  Society. 

The  following  papers  were  then  read : — 

1 .  Description  of  erect  SiGiLLARiiE  with  conical  Tap  RootSy  found  in 
the  Roof  of  the  Sydney  Main  Coal,  in  the  Island  of  Caps 
Breton.     By  Richard  Brown,  Esq. 

In  addition  to  the  erect  trees  from  the  Sydney  coal-measures  de- 
scribed in  the  Journal  of  the  Society,  vol.  i.  p.  393  and  vol.  ii.  p.  46, 
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I  haye  now  the  satisfaction  of  forwarding  sketches  and  descri]^tions 
of  two  carious  fossils  from  the  roof  of  the  main  coal,  calculated  m  my 
opinion  to  afford  some  interesting  information  concerning  the  hahit 
and  mode  of  growth  of  SigiUaria  altemans ;  and  at  the  same  time 
to  clear  up  all  doubts  respecting  the  true  nature  of  the  *'  dome-shaped 
fossil,"  figured  and  described  in  Lindley  and  Button's  *  Fossil  Flora,' 
vol.  ii.  pref.  p.  xiii. 

Fig.  1. 


StuH^  qf  SigilkrU  altemans,  (me4we\fth  qf  the  natural  $ixe. 

Fig.  1  is  a  sketch  of  an  upright  stump,  sixteen  inches  in  height 
and  twelve  inches  in  diameter  at  the  top,  which  dropped  from  the 
roof  of  the  seam  some  time  after  the  coal  had  been  removed ;  the 
greater  part  of  the  branching  roots  had  fallen  down  and  been  stowed 
away  amongst  the  rubbish  of  the  mine  before  the  stem  was  discovered ; 
the  few  that  remained  are  in  external  appearance  true  Stigmarise,  but 
being  filled  up  with  soft  shale,  no  traces  of  internal  organization  can 
be  observed,  except  occasionally  a  flattened  central  core.  The  upper 
part  of  the  stem  was  covered  with  a  coaly  bark  one-fifth  of  an  mch 
m  thickness,  which  was  closely  marked  with  irregular  short  striae  in 
a  vertical  direction,  and  by  long  projecting  wrinkles  running  spirally 
round  the  stem  as  shown  at  c  (fig.  1).  A  thin  layer  of  hara  shale 
which  envelopes  the  bark,  completely  conceals  the  leaf-scars.  Lower 
down  the  bark  was  thinner  and  very  smooth,  whilst  that  which 
covered  the  roots  a,  h  was  so  exceedmgly  thin  and  friable,  that  it 
fell  off  on  the  sUghtest  touch. 

The  leaf-scars  on  the  decorticated  stem  are  very  sharp  and  distinct ; 
they  begin  close  to  the  ramifications  of  the  roots,  and  run  in  single 
spiral  lines  over  a  zone  three  or  four  inches  in  width ;  above  this  zone. 
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double  rows  of  oval  scars  commence,  which  at  first  incline  consider- 
ably to  the  rieht,  but  soon  take  a  vertical  direction  and  run  exactly 
parallel  to  each  other.  There  are  no  traces  of  longitudinal  furrows, 
either  upon  the  bark  or  the  decorticated  stem.  The  intervals  between 
each  pair  of  scars  swell  outwards,  the  raised  spaces  being  exactly 
under  the  projecting  wrinkles  on  the  surface  of  the  bark,  as  shown  in 
fig.  2,  which  IS  a  vertical  section,  of  the  natural  size,  in  the  direction 
of  one  of  the  double  rows  of  leaf-scars,  rf,  e  being  the  bark,  and/,  g 
the  deep  indentations  on  the  decorticated  stem. 

Fig.  2.  Fig.  4. 

d 


Fig.  5. 


The  inner  surface  of  the  bark  b  covered  with  minute  scales,  which, 
to  the  naked  eye,  appear  not  unlike  the  delicate  rhomboidal  markings 
of  a  very  young  Lepidodendron,  but  when  viewed  through  a  lens 
exhibit  an  oval  outlme,  as  shown  in  fig.  3,  which  is       p;     o 
magnified  three  times  the  natural  size.     These  scales       -"S*  ^' 
are  quite  distinct  as  far  down  as  the  point  A  (fig.  1), 
a  few  inches  below  the  first  ramifications  of  the  roots. 
The  roots  a,  b  are  marked  with  irregular  waving  strise, 
occasionaUy  running  one  into  another,  as  represented  in 
figs.  4  and  5,  the  first  being  the  upper,  and  the  second 
the  lower  side,  of  the  same  piece  of  root.     It  will  be 
observed  that  the  areolae  on  the  upper  side  are  squeezed 
into  an  oval  shape,  sometimes  to  such  a  degree  that 
merely  a  black  indented  mark  is  visible,  whilst  on  the  under  side  they 
preserve  their  circular  form  with  a  minute  black  dot  in  the  centre. 
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The  exact  position  of  the  tree  with  reference  to  the  underlying  coal 
is  shown  in  the  section  fig.  6.     Immediately  over  the  coal  there  is  a 

Fig.  6. 


Cotlteam. 

hed  of  hard  shale  six  inches  in  depth,  in  which  no  fossils  are  found ; 
this  is  overlaid  by  a  softer  shale  abounding  in  coal  plants ;  aU  the  up- 
right stumps  which  I  have  examined  are  rooted  in  the  six-inch  shale ; 
the  crown  of  the  base  of  that  which  I  am  now  describing  is  just  four 
inches  above  the  coal ;  its  roots  dip  gradually  downwards  until  they 
come  in  contact  with  the  coal  at  about  eighteen  inches  from  the  centre 
of  the  tree,  and  then  spread  out  over  its  surface.  When  this  fossil 
was  brought  out  of  the  mine,  the  under  side  was  covered  up  with  hard 
shale,  to  which  about  one  inch  of  coal  adhered ;  in  cutting  away  this 
layer  of  coal  I  met  with  the  termination  of  a  perpendicular  root  im- 
mediately in  contact  with  the  coal,  whicii  I  carefully  developed  ;  pro- 
ceeding m  this  manner,  my  patience  was  amply  rewarded  by  the  dis- 
covery of  a  complete  set  of  conical  tap  roots  arranged  in  the  order 
represented  in  fig.  7,  which  is  an  horizontal  section  of  the  inverted 
base  or  underside  of  the  _. 

stump,  on  a  scale  of  one-  *^' '  * 

twelfth  of  the  natural 
size.  It  will  be  observed 
that  the  horizontal  roots 
branch  off  in  a  remark- 
ably regular  manner,  the 
base  being  first  divided 
into  four  equal  quarters 
by  deep  channels  running 
from  near  the  centre  to- 
vrards  the  points  indi- 
cated by  the  letters  i,  k, 
^  01 ;  an  inch  or  two  fur- 
ther on  each  of  these 
quarters  is  divided  into 
two  roots,  which,  as  they 
recede  from  the  centre, 
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biftircate  twice  in  the  quarter  t,  m,  which  is  the  only  complete  por- 
tion of  the  fossil.  If  the  ramifications  in  the  other  three  quarters 
were  as  regular  as  in  t,  m,  which  I  have  erery  reason  to  suppose 
was  the  case,  having  found  a  similar  arrangement  in  two  other  trees 
of  the  same  species,  we  should  have  thirty-two  roots  within  a  circle  of 
eighteen  inches  diameter. 

There  are  four  large  tap  roots  in  each  quarter  of  the  stump,  as  shown 
in  fig.  7,  and  about  five  inches  beyond  these  a  set  of  smaller  tap  roots 
striking  pei^endicularl;^  downwards  from  the  horizontal  roots,  making 
forty-eight  m  aU,  viz.  sixteen  in  the  inner  and  thirty-two  in  the  outer 
set ;  and,  what  is  a  still  more  remarkable  feature  in  this  singular 
fosdl,  there  are  exactly  thirty-two  double  rows  of  leaf-scars  on  the 
circumference  of  the  trunk.  This  curious  correspondence  in  the 
numbers  of  the  roots  and  vertical  rows  of  leaf-scars,  surely  cannot  be 
accidental.  I  am  not  aware  that  any  similar  correspondence  has  ever 
been  observed  either  in  recent  or  fossil  plants.  The  inner  set  of  tap 
roots  vary  from  two  to  two  and  a  half  inches  in  length ;  the  diameter 
at  their  junction  with  the  base  of  the  trunk  being  about  two  inches, 
as  shown  in  fie.  8,  which  is  one-half  the  natural  size.  The  outer  set 
are  much  smaller,  being  about  one  inch  in  diameter  at  their  junction 
with  the  horizontal  roots,  and  from  one  to  one  and  a  half  inch  in 
length.  Very  few  of  either  set  are  strictly  conical,  although  they 
probably  were  originally  of  that  shape ;  some  are  squeezed  into  an 
elliptical,  others  into  a  triangular  form ;  all  have  been  wrinkled  hori- 
zontally, as  shown  in  fig.  8,  by  the  shrinkage  due  to  vertical  compres- 
sion. A  thick  tuft  of  broad  flattened 
rootlets  radiates  firom  Uie  termina-  ^"8. 

tions  of  the  tap  roots,  and  a  few  in- 
distinct areolae  are  visible  on  their 
sides;  the  length  of  these  rootlets 
does  not  appear  to  exceed  three  or 
four  inches,  their  width  being  one- 
fourth  of  an  inch ;  a  raised  black  line 
runs  down  the  middle  of  each,  similar 
to  that  observed  in  the  rootlets  of 
Stigmarise.  These  short  thick  tap 
roots  were  evidently  adapted  only  to 

a  soft  wet  soil,  such  as  we  may  easily  conceive  was  the  nature  of 
the  first  layer  of  mud  deposited  upon  a  bed  of  peat,  which  had 
settled  down  slightly  below  the  level  of  the  water. 

We  may  infer  also,  from  the  existence  of  a  layer  of  shale  without 
fossil  plants,  immediately  over  the  coal,  that  the  prostrate  stems  and 
leaves  which  occur  in  such  large  quantities  in  the  next  superincum- 
bent bed,  fell  from  trees  growing  upon  the  spot,  and  were  entombed 
in  layers  of  mud  held  in  suspension  in  water,  which  at  short  intervals 
inundated  the  low  marshy  ground  on  which  they  mm ;  for  had  the 

Elants  been  drifted  from  a  distance,  we  should  find  them  in  the  first 
lyer  of  shale  as  well  as  in  those  higher  up. 

Although  the  main  coal  is  generafiy  overlaid  by  shale,  yet  occasion- 
ally the  shale  thins  out,  and  the  thick  sandstone,  which  is  the  next 
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Btnttum  in  tlie  asceDding  order,  forms  the  roof  of  the  coal.  In  such 
cases  the  surface  of  the  peat  bog  could  not  have  been  level  when  the 
shale  was  deposited  upon  it,  some  small  patches  having  been  still 
above  water;  and  as  no  uprii^ht  trees  are  found  in  the  sandstone 
roof,  it  may  reasonably  be  inlerred  that  plants  would  not  vegetate 
upon  the  bog  itself,  a  layer  of  soil  mud  being  necessary  in  the  first 
instance  for  germinating  the  seeds ;  but  when  a  plant  had  once  taken 
root  in  this  mud  its  rootlets  penetrated  downwards  into  the  peat, 
and  furnished  an  abundant  supply  of  nutriment  for  the  rapid  growth 
of  the  tree,  from  the  rich  mass  of  decaying  vegetable  matter  beneath. 

I  may  here  observe  that  the  quality  of  the  upper  part  of  the  seam 
appears  invariably  to  be  influenced  by  the  nature  of  the  roof,  the  coal 
bemg  highly  charged  with  iron  pyrites  under  a  sandstone,  but  quite 
free  from  it  under  a  shale  roof*.  And  since  no  upright  trees  are 
found  in  the  sandstone  roofs,  is  it  probable  that  the  luxuriant  forest 
of  Sigillarise  growing  in  the  mud  above  the  peat  bog  has  taken  up 
the  sulphuret  of  iron,  and  thus  produced  such  a  beneficial  effect  upon 
the  quality  of  the  coal  ?  Both  sulphuric  acid  and  the  oxide  of  iron 
are  inorganic  constituents  of  plants,  and  it  has  been  ascertained  that 
natural  and  artificial  waters  that  have  a  sulphureous  taste,  when  em- 
ployed in  irrigating  meadows,  give  birth  to  a  very  luxuriant  vegeta- 
tion f,  but  whether  the  growth  of  a  forest  of  Sigillarise  upon  the  sur- 
face of  the  peat  bog^  is  an  adequate  explanation  of  the  absence  of  iron 
pyrites  from  the  upper  part  of  the  coal  seam,  I  must  leave  to  more 
skilful  botanists  to  aetermine. 

Having  shown  that  Sigillaria  altemana  was  provided  with  roots 
peculiarlv  adapted  for  flourishing  upon  a  soft  muddy  soil,  and  thus 
nimished  additional  proof  that  coal  seams  have  been  formed  from 
beds  of  peat  or  other  decaying  vegetable  matter  accumulated  on  the 
surface,  it  only  remains  for  me  now  to  direct  attention  to  the  fossil 
represented  in  fig.  9,  which  it  will  be  observed,  in  its  external  aspect. 

Fig.  9. 


Stwi^  broken  off  chte  to  the  rooty  one-twelfth  qf  natural  eize, 

*  Bfr.  Saddle  states  in  the  Trans,  of  the  Nat.  Hist.  Society  of  Newcastle,  voL  i. 
p.  217,  that  the  coal  seams  in  Northumberland  are  always  more  or  less  intermixed 
with  iron  pyrites  under  a  sandstone  roofi 

t  Johnston's  Agricultural  Chemistry,  p.  273. 
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is  a  perfect  specimen  of  the  "  dome-shaped  fossil"  figured  by  Lindl^ 
and  Button,  and  in  reality  a  Sifi;illaria  of  the  same  species  as  th^ 
just  described,  whose  stem  has  been  broken  off  near  the  root,  the 
hollow  cylinder  of  bark  having,  after  the  decay  of  the  lax  cellular 
tissue,  been  bent  down  and  doubled  over  by  the  pressure  of  the  accu- 
mulating mud  outside,  so  as  effectually  to  close  up  the  aperture, 
leaving  only  a  few  irregular  cicatrices  of  three  or  four  mches  in  length 
converging  at  the  apex.  The  whole  fossil  was  covered  with  a  thin 
bark  of  c^  which  soon  crumbled  off,  and  exposed  leaf-scars  scattered 
at  random  over  the  sides,  but  arranged  in  double  rows  near  the 
summit.  If  this  stem  had  been  broken  off  three  inches  lower  down, 
none  of  the  double  rows  of  scars  would  have  been  visible ;  the  scat- 
tered single  scars  would  then  have  precisely  corresponded  with  the 
"indistinct  dots"  in  Lindlev  and  Button's  fossil. 

Fortunately  about  one-half  of  the  roots  were  collected  from  the 
roof  of  the  ooel  after  the  truncated  stump  had  faUen  down ;  they 
cannot  be  distinguished  from  the  roots  of  the  tree  represented  in 
fig.  1 .  The  underside  or  base  of  the  stump  is  in  like  manner  divided 
into  four  quarters,  each  of  which  ramifies  twice,  thus  making  sixteen 
main  roots,  from  each  of  which  a  tap  root  descends  perpen£cularly. 
The  sixteen  main  roots  are  again  subdivided,  and  a  second  set  of  tap 
roots  shoot  off  from  them ;  in  short,  the  resemblance  to  the  first  de^ 
scribed  tree  is  so  perfect  in  every  feature,  except  the  accidental  closing 
up  of  the  stem,  that  it  is  quite  unnecessary  to  repeat  the  description 
akeady  given  of  that  fossil.  Judging  from  the  length  and  position 
of  the  cicatrices  at  the  apex  where  the  bark  has  been  squeezed  to- 
gether, the  diameter  of  the  stem  must  have  been  about  ten  inches. 
Its  position  with  respect  to  the  underlying  coal  was  precisely  analo- 
gous to  that  of  the  first  tree. 

The  roots  of  the  preceding  fossils  repeatedly  ramiff  as  their  distance 
from  the  stem  increases,  and  ultimately  terminate  m  broad  flattened 
points.  The  whole  of  the  spreading  roots  of  these  trees  cover  only 
an  area  of  thirty  square  feet  each,  whilst  the  roots  of  the  Lepidoden- 
dron  figured  in  vol.  iv.  p.  46  of  this  Journal,  whose  stem  is  only  two 
or  three  inches  larger  in  diameter,  covered  an  area  of  two  hundred 
square  feet.  Since  it  is  well  known,  from  numerous  examples,  that 
the  Lepidodendra  were  lofty  trees  with  spreading  branches,  which 
required  wide  supporting  bases,  may  we  not  reasonably  conclude  that 
Sigillarise  of  the  species  described,  judging  from  their  comparatively 
Brnsil  bases,  were  on  the  contrary  trees  of  low  stature,  without  heavy 
branches  ? 


2.  Notice  of  Researches  in  Asia  Minor. 
By  M .  Pierre  de  Tchihatcheff. 

[Extract  of  a  letter  to  Sir  Roderick  I.  Murchison,  F.R.S.,  V.P.G.S.,  &c&c,  dated 
Paris,  February  26, 1849.] 

It  is  a  month  since  I  arrived  in  Paris  from  Constantinople,  after  an 
absence  of  two  years  and  a  half  in  Asia  Minor.  Though  some  por- 
tions of  my  scientific  collections  were  unfortunately  lost,  still  the  re- 
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mainder,  now  safe  in  Paris,  is  so  rich  and  valuable,  in  regard  to  geo- 
lo^,  palaeontology  and  botany,  that  I  have  all  possible  reason  to  be 
satisfied,  and  to  consider  myself  well  repaid  for  my  long  and  pai&ful 
exertions.  I  shall  not  tire  you  by  enumerating  my  various  journeys, 
which  form  a  complete  network  over  the  whole  Anatolian  peninsma, 
from  the  Mediterranean  to  the  Black  Sea,  and  as  far  east  as  a^line 
from  Trales  to  Tarsus.  The  following  are  a  few  of  the  more  important 
results  of  my  researches : — 

1.  In  1848  I  discovered  two  important  palaeozoic  locahties  in  Asia 
Minor ;  the  one  at  its  eastern  extremity  composing  the  extensive  range 
of  the  Antitaurus ;  the  other  only  two  days'  journey  from  Constanti- 
nople forming  the  northern  shore  of  the  Gulf  of  Nicomedia.  Both 
are  Devonian,  as  they  contain  Terebratula  fusca^  Productus  subacit- 
l^atuSf  Spiri/er  speciostts,  and  other  species,  as  determined  by  M.  de 
Vemeuil.  The  ignorance  of  geologists  regarding  the  former  is  not 
wonderful,  as  I  was  the  first  person  who  ventured  to  explore  this  lofty 
and  picturesque  chain,  situated  on  the  borders  of  Kurdistan  and  in- 
habited by  savage  and  fanatical  tribes  only  imperfectly  subject  to  the 
Turks,  and  among  whom  I  lost  two  of  my  men,  one  shot  at  my  side, 
the  otiier  killed  by  a  sword-cut  in  a  contest  with  thirty  horsemen  who 
plundered  us  of  all  our  property.  But  the  other  deposit,  in  the  very 
vicinity  of  Constantinople,  might  have  been  expected  to  be  better 
known,  as  most  of  the  geologists  who  have  explored  this  district  have 
visited  Ismid  or  Nicomedia,  and  had  they  onlv  gone  there  bv  land 
instead  of  by  water,  could  not  possibly  have  missed  it.  This  is  pro- 
bably the  reason  why  Mr.  Hamilton  and  others  marked  the  northern 
shore  of  the  Nicomedian  gulf  as  cretaceous,  and  the  remainder  of  the 
peninsula  between  it  and  the  Black  Sea  as  Silurian.  The  prolonga- 
tion of  the  Silurian  ?  system  on  the  other  side  of  the  Bosmiorus,  as 

§iven  in  your  map,  is  also  very  arbitrary,  as  neither  M.  Hommaire 
e  Hell,  M.  Visquenel  nor  myself,  could  ever  find  any  fossils  in  the 
Giant's  Mountain,  where  Mr.  Hamilton  says  they  occur.  In  the 
southern  part,  marked  as  cretaceous,  Devonian  fossils  are  however 
abundant,  and  the  whole  peninsula  therefore  probably  belongs  to  this 
formation. 

2.  It  would  be  tedious  to  notice  other  errors,  but  I  may  say  that 
the  vallev  of  the  Kizil  Irmak,  coloured  on  your  map  as  tertiarv,  cer- 
tainly belongs  to  the  enigmatical  "  formation  of  gypsum  and  red  sand* 
stone,"  developed  on  a  very  large  scale  in  Asia  Minor,  which  Mr. 
Hamilton  in  his  *  Travels'  supposes  to  belong  to  the  Permian  system. 
Before  my  researches  this  deposit  had  never  yielded  a  sinele  fossil, 
but  in  the  red  sandstone  of  Yuzgat  I  discovered  numerous  Alveolina, 
of  a  large  size  and  probably  a  new  species,  associated  with  nummuHtes 
and  a  few  bivalves.  Hence  this  rock  belongs  to  the  **  terrain  num- 
mulitique,"  which,  if  we  suppose  all  the  red  deposits  in  this  country 
to  be  of  the  same  age,  is  probably  the  most  extensive  formation  in 
Asia  Minor*. 

*  The  chief  differences  of  opinion  between  my  zealous  firiend  and  myself  will 
be  pointed  out  by  Mr.  W.  Hamilton ;  but  in  reference  to  the  statement  concern* 
ing  the  nummuUtic  rocks,  I  cannot  avoid  expressing  my  conviction,  that  a  more 
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3.  I  leave  my  pakeontological  collectionfly  which  fill  three  lain 
boxes  and  are  of  great  value,  to  the  care  of  our  friend  De  Yemeim. 
I  catinot,  however,  refram  from  mentioning  some  Jurassic  ammonites 
found  at  a  distance  of  eight  hours  to  the  south  of  Ansora.  These 
prove  the  existence  in  this  place  of  a  patch  of  Oxford  day,  as  M. 
Alcide  d'Orbigny  at  the  first  glance  recognized  all  the  ammonites  as 
characteristic  of  this  formation. 

4.  The  results  obtained  in  mj  ascent  of  Mount  Argseus  are  veir 
interesting,  but  I  shall  not  trespass  further  on  your  patience  with 
details.  It  is  sufficient  to  say  that  I  returned  four  times  to  Kaisaria, 
and  spent  five  months  in  investigating  the  structure  of  this  remark- 
able volcanic  giant  and  the  surroundmg  country,  which  I  have  com- 
pletely delineated  on  a  large  geological  map. 

I  liave  not  only  determined  the  altitude  of  above  500  localities  by 
means  of  the  temperature  of  boiling  water,  but  have  also  established 
meteorological  observations,  furnished  with  the  best  instruments,  ba- 
rometers, thermometers  and  hygrometers,  procured  at  great  expense 
from  Paris,  at  Constantinople,  Kaisaria,  Smyrna,  Trebisonde  and 
Tarsus.  From  Constantinople  and  Kaisaria  I  have  already  a  con- 
tinuous series  of  observations  for  two  years,  and  from  Trebisonde  for 
six  months,  and  I  intend  that  they  shall  be  kept  up  for  at  least  three 
years  longer. 


April  4,  1849. 

The  Rev.  E.  Prout,  John  Bentley,  Esq.,  and  Lieut.-Colonel  Reid, 
C.B.,  were  elected  FeUows  of  the  Society. 

The  following  papers  were  then  read : — 

1 .  Observations  on  the  Geology  of  Asia  Minor,  re/erring  more 
particularly  to  portions  of  Galatia,  Fovtvb  and  Faphuloovi a. 
By  W.  J.  Hamilton,  Esq.,  Sec.  G.S. 

Before  I  proceed  to  the  chief  object  of  this  memoir,  I  consider  it 
an  act  of  justice  to  my  feUow-traveuer  Mr.  Strickland  and  to  myself, 
to  offer  a  few  observations  to  the  Society  on  some  of  the  statements 
contained  in  the  recent  notice  of  M.  Tcnihatcheff. 

These  statements  refer  mainly  to  two  points,  viz.  the  palseosoic 
rocks  in  the  neighbomrhood  of  Constantinople,  and  the  age  of  the  red 
sandstone  and  overlying  formations  in  the  more  eastern  districts  of 
Asia  Minor. 

P.  With  regard  to  the  paleeozoic  rocks  near  Constantinople,  M. 
Tchihatcheff  first  states  that  I  have  called  them  Silurian  instead  of 

thorough  development  of  the  subject  (mtd  M,  de  Tehihateh^  hoi  agatm  rtimmed 
to  Atia  Minor  <m  thi»  acemmi  tolefy)  will,  I  tnut,  prove  a  striking  oonfirmation 
of  the  general  view  I  have  put  forth  concerning  the  tertiary  eocene  age  of  all 
the  **  terrain  nnmmulitiqne''  in  Asia  as  well  as  in  Africa  and  Europe. 

Rod.  I.  MuRCHisoN,  Sept.  27, 1849. 


Digitized  by  VjOOQIC 


1849.]  HAMILTON  ON  THE  GEOLOGY  OF  ASIA  MINOR.  363 

Devonian,  and  then  doubts  the  existence  of  fossils  on  the  Giant's 
Mountain  opposite  to  Therapia.  In  answer  to  the  first  objection,  I 
have  only  to  say  that  they  have  been  described  by  Mr.  Strickliuid 
in  the  5tn  vol.  of  the  Transactions  of  the  Society,  where  a  list  of  the 
fossils  is  given  on  the  authority  of  Mr.  James  Sowerby.  I  might  also 
obserre,  that  the  minendogical  character  of  the  rock,  so  closely  resem- 
bling that  of  some  of  the  argillaceous  schists  of  the  Lower  Silurian 
rocks  as  exhibited  in  North  Wales,  is  also  a  justification  of  their 
having  been  so  named  at  a  time  when  the  Devonian  system  was  un- 
known*. 

With  regard  to  the  existence  of  fossils  on  the  Giant's  Mountain,  I 
also  appeal  to  Mr.  Strickland,  and  at  the  same  time  I  can  assure  the 
Society  that  every  one  of  the  specimens  we  have  exhibited  came  from 
that  locality  and  from  near  the  summit  of  the  hill ;  indeed,  we  ob- 
tained the  best  in  situ,  from  the  fresh-cut  side  of  a  new  road  which 
was  then  in  process  of  construction.  We  also  found  the  same  forma- 
tion on  the  European  side  of  the  Bosphorus  between  Therapia  and 
Constantinople,  but  no  other  locality  afforded  so  many  fossils.  On 
a  subsequent  occasion  too,  I  had  an  opportunity  of  ascertaining  that 
the  hill  of  Boulgourlou  behind  Scutari  consists  mainly  of  the  same 
formation,  interstratified  with  beds  of  quartz  rock,  probably  altered 
sandstone ;  here  also  I  found  a  few  imperfect  traces  of  organic  remains. 
With  regard  to  what  M.  Tchihatcheff  says,  of  no  one  else  having 
since  been  able  to  detect  these  palaeozoic  fossils  on  the  Giant's  Moun- 
tain, Mr.  Strickland  has  already  well  remarked,  that  although  the 
geology  of  this  mountain  has  been  noticed  with  more  or  less  exactness 
by  Andreossy,  Fontanier,  and  the  author  of  the  *  Sketches  of  Turkey,' 
not  one  of  them  has  noticed  its  numerous  and  interesting  fossils. 

The  only  other  point  I  have  to  notice  respecting  the  neighbour- 
hood of  Ck)nstantinople,  is  the  statement  of  M.  Tchihatcheff,  that 
"  Mr.  Hamilton  and  others  have  marked  as  cretaceous  the  northern 
shore  of  the  Nicomedian  Gulf,"  whereas  the  Devonian  system  is,  as  he 
says,  there  clearly  displayed.  As  I  did  not  visit  the  Nicomedian  Gulf 
either  by  land  or  by  water,  I  never  have  or  could  have  ventured  to  pro- 
nounce an  opininion  as  to  whether  the  northern  shore  of  the  gulf  was 
Devonian  or  cretaceous. 

And  here  it  is  to  be  observed,  that  by  reference  to  the  last  edition 
of  the  Map  of  Russia  publbhed  by  Sir  R.  Murchison,  in  which  the 
geological  structure  of  the  neighbourhood  of  Constantinople  is  laid 
down  from  the  best  authorities  he  could  then  refer  to,  it  will  be  seen 
that  the  north  side  of  the  Gulf  of  Nicomedia  is  coloured  as  palaeozoic, 
and  therefore  the  proposal  of  M.  Tchihatcheff  to  erase  the  cretaceous 
rocks,  which  were  partially  inserted  in  the  first  edition  of  that  Map 
(but  not  on  my  authority),  has  long  since  been  anticipated.  Finally, 
as  to  whether  these  palaeozoic  rocks  be  Silurian  or  Devonian  it  is  not 
for  me  to  pronounce.  It  is  possible  that  both  formations  may  there 
be  found  to  exist,  and  in  calling  these  Silurian,  Mr.  Strickland  and 
myself  were  simply  guided  by  the  best  opinions  we  could  then  obtain ; 

*  See  Balletin  de  la  Soci^t^  G^logique  de  France,  vol.  viii.  p.  268, "  Notice  G^- 
logique  8ur  les  environs  de  Constantinople,  par  M.  de  Vemeuil." 

VOL.  V. — PART  I.  2  C 
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and  I  repeat,  that  at  tlie  period  wlien  we  published  our  memou*,  the 
DeYonian  system  had  not  been  established  nor  its  fossils  defined.  At 
the  same  time,  as  M.  Tchihatcheff  and  his  friends  have  not  bean 
able  to  detect  fossils  in  the  locality  where  we  found  them,  viz. 
the  Giant's  Mountain,  he  can  scarcely  venture  to  pronounce  defini- 
tively  upon  the  age  of  these  rocks,  from  his  having  found  Devonian 
fossus  in  the  more  southern  portion  of  the  promontory,  viz.  on  the 
northern  shore  of  the  Gulf  of  Nicomedia.  Until  more  precise  re- 
searches be  made,  it  is  not  dear  that  both  Silurian  and  Devonian 
fossils  may  not  exist  in  the  palaeozoic  rocks  of  that  region. 

The  other  observations  of  M.  Tchihatcheff  relate  to  the  vall^  of 
the  ELizil  Irmak  and  to  the  age  of  the  red  sandstone  formation  of  the 
eastern  parts  of  Asia  Minor. 

P.  M.  Tchihatcheff  states  that  the  Valley  of  the  Kizil  Irmak,  in- 
stead of  being  tertiary  as  it  b  marked  in  Murchison's  Map  of  Russia, 
"  belongs  to  the  enigmatical  formation  of  g^sum  and  red  sandstone 
developed  on  a  very  large  scale  in  Asia  ^dGiior,  and  which  Mr.  Ha- 
milton  supposes  to  belong  to  the  Permian  system.^' 

2^.  M.  Tchihatcheff  considers  this  red  sandstone  formation  to  be- 
loi^  to  the  terrain  nummuhtique. 

I  am  at  a  loss  to  understand  where  M.  Tchihatcheff  has  ascer- 
tained that  I  have  described  the  Valley  of  the  Kizil  Irmak  as  tertiary, 
or  that  I  have  called  the  red  sandstone  formation  Permian,  With 
regard  to  the  latter  statement,  it  must  be  remembered,  that  when  my 
work  on  Asia  Minor  was  published  the  veiy  name  was  not  known,  nor 
was  it  used  as  a  geologicaL  expression  untU  after  Sir  R.  Murchison's 
researches  in  Russia  in  1844. 

And  with  r^ard  to  the  nummulitic  group,  I  shall  be  enabled  to 
show  in  the  course  of  this  memoir,  that  I  was  fully  aware  of  its  ex- 
istence in  this  part  of  Asia  Minor,  and  had  already  noticed  its  con- 
nection with  the  red  sandstone  formation. 

I  now  proceed  to  lay  before  the  Society  a  statement  of  the  geolo- 
gical observations  which  I  made  in  this  part  of  Asia  Minor,  comprising 
S>rtions  of  Pontus  and  Galatia,  commencing  on  the  shores  of  the 
lack  Sea  near  the  ancient  site  of  Sinope,  and  extending  in  a  S.£. 
direction  to  Tocat,  and  thence  in  a  W.S. W.  direction  as  &  as  Sevri- 
hissar  on  the  frontiers  of  Phrygia.  I  will  only  observe,  that  as  the 
vividness  of  memory  has  been  somewhat  impaired  bv  length  of  time, 
I  cannot  attempt  to  fill  up  the  lacunae  of  my  journal  so  satisfactorily 
as  I  might  have  done  if  undertaken  at  an  earlier  period ;  and,  that 
as  not  manv  sections  were  observed  in  this  part  of  the  country  showing 
the  natural  superpositions  of  the  different  formations,  it  would  be 
useless  to  attempt  to  give  a  complete  section  of  the  geological  features 
of  the  whole  district.  I  must  therefore  confine  myself,  with  few  excep- 
tions, to  describing  the  different  formations  I  observed,  and  pointing 
out  some  of  the  principal  localities  where  they  occur.  Mu(m  subsi- 
diary mformation  wiU  be  found  in  the  various  papers  published  in  the 
Transactions  of  the  Societv  by  Mr.  Strickland  and  myself, — 

1.  On  the  Geology  of  the  Thracian  Bosiihorus,  by  Mr.  Strickland. 
Vol.  V.  p.  385. 
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2.  On  the  Gkolc^  of  part  of  Asia  Minor  (Cappadocia,  &c.)>  by 
Mr.  Hamilton.     Vol.  vj).  583. 

3.  On  the  Geolo^  of  the  Western  part  of  Asia  Minor,  by  Messrs. 
Hamilton  and  Strickland.     Vol.  vi.  p.  1. 

Bespecting  that  portion  of  Asia  Minor  now  more  immediately  under 
eonsideration,  I  must  also  refer  to  a  paper  by  Mr.  Ainsworth  on  Asia 
Minor  in  the  Journal  of  the  Royal  Geographical  Society,  vol.  ix. 
p.  267  et  seq. 

No  idea  can  be  formed  of  the  general  features  and  character  of  this 
country,  without  taking  into  consideration  the  extent  and  variety  of 
igneous  rocks  by  which  it  is  everjrwhere  penetrated  and  disturbed, 
'niese  are  of  every  possible  variety — granite  of  various  qualities,  green< 
stones,  domites,  trachytes  and  trachytic  conglomerates,  like  those  de- 
scribed in  my  former  paper  on  the  Geology  of  Cappadocia.  One 
distinctive  feature  however  is,  that  the  remarkable  volcanic  tuffs  and 
peperites,  so  abundant  between  Mount  Argseus  and  Hassan  Dagh,  do 
not  occur  so  frequently  in  this  part  of  Asia  Minor,  from  which  we  may, 
I  think,  conclude  that  it  is  of  an  older  date. 

The  line  of  country  to  which  my  present  remarks  apply  extends 
from  Tocat  (lat.  36°  50'  E.)  to  Sevnhissar  (lat.  31°  35'  E.),  and  in  a 

rend  direction  from  E.N.E.  to  W.S.W.  280  miles ;  its  extent  fit)m 
to  S.  is  irregular.  The  principal  igneous  rocks  which  I  observed 
in  this  district  are  granite,  greenstone,  porphyritic  trap,  serpentine, 
trach3rte  and  trachytic  conglomerates,  domite,  basalt,  and  black  vol- 
canic tuff  and  peperite ;  and  I  propose  briefly  stating  the  chief  loca- 
lities where  these  different  rocks  came  under  my  notice. 

1.  Granite*. — ^An  elevated  ridge  of  fine-grained  grey  granite, 
sending  out  ramifications  in  several  directions,  surrounds  the  town  of 
Sevrihissar  in  a  semicircular  or  eUiptical  form.  At  the  eastern  ex- 
tremity of  the  igneous  region  about  Angora,  the  red  sandstone  beds 
repose  against  a  mass  of  a  dark  granitic  or  rather  syenitic  rock. 

2.  Greenstone  and  green  trappean  rocks. — It  is  difficult  to  draw 
any  precise  line  with  r^ard  to  the  distinctive  characters  of  these 
rocks,  passing  as  they  do  in  this  district  b^  such  gradual  changes  into 
00  many  various  forms.  Generally  speakmg,  rocks  of  this  character 
occur  in  the  promontory  of  Sinope ;  in  the  castle  hill  of  Boiavad ; 
in  the  centre  of  the  mountain  range  between  Sinope  and  Boiavad ; 
in  the  valley  of  the  Iris  six  miles  east  of  Tocat ;  near  the  villa^  of 
Boyeuk  ten  miles  east  of  Barsek  Dere,  and  in  the  deep  and  precipitous 
gorge  of  Barsek  Dere  itself. 

3.  Porphyritic  trap. — By  this  term  I  propose  to  designate  those 
igneous  rocks  which  consist  of  small  crystalline  masses  set  in  a  homo- 
geneous matrix  of  a  darker  colour.  Tliey  occur  a  few  miles  west  of 
Amasia,  between  Ladik  and  Sonnisa ;  in  the  valley  of  the  Lvcus  below 
Niksar,  and  in  the  vicinity  of  Angora,  forming  the  base  of  the  rocky 
cliffs  through  a  narrow  gorge  of  which  the  stream  of  An^ra  flows ; 
also  a  few  miles  east  of  Angora,  apparently  graduallv  passing  into  the 
granitic  rock  described  above,  in  the  deep  ravine  of  Barsek  Dere. 

*  From  the  general  abundance  of  hornblende  this  rock  frequently  passes  into 
syenite  in  this  district. 

2c2 


Digitized  by  VjOOQIC 


366  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [April  4, 

4.  Serpentine  or  OjMolitic  rocks. — This  is  generally  an  irregolar 
mass  of  crystallized  matter,  closely  resembling  the  Verde  di  Prato 
found  in  the  neighbourhood  of  Florence.  Its  chief  locality  is  in  a 
deep  ravine  between  Alajah  and  Yeuzgatt ;  I  also  observed  it  in  the 
valley  of  the  Sepetli  between  Ladik  and  Sonnisa. 

5 .  Trachyte  and  trachytic  conglomerate, — ^This  rock,  varying  much 
in  colour  and  in  degrees  of  asperity  as  also  in  its  structure,  being 
occasionally  compact  and  hard,  sometimes  exfoliating,  and  at  others 
breaking  into  rhomboidal  and  wedge-shaped  masses,  is  of  very  con- 
stant  occurrence  throughout  Asia  Minor.  Some  of  the  varieties 
abound  with  masses  and  crystals  of  glassy  felspar.  The  following  are 
the  principal  localities  where  I  observed  it : — the  neighbourhood  of 
Vizier  Keupri ;  the  plain  of  Tashova  between  Sonnisa  and  the  junc- 
tion of  the  Lycus  and  the  Iris ;  the  isolated  peak  of  Karahissar  near 
Tchorum  ;  the  castle  hill  of  Kalaijik ;  the  neighbourhood  of  Angora, 
and  the  hill  of  Assarli  Kaiya  twenty  miles  south  of  Angora. 

6.  Domite, — ^The  only  locaUty  where  I  observed  this  rock  was  in 
the  deep  gorge  of  Barsek  Dere ;  it  may  indeed  be  doubted  whether  it 
should  not  rather  be  described  as  a  white  variety  of  trachyte. 

7.  Basalt, — This  occurs  in  the  valley  of  the  Lycus  between  Niksar 
and  Tashova  ;  at  Baluk-kouyoumji  and  in  the  vicinity  of  Yeuzgatt. 

8.  Amygdaloid, — ^The  omy  place  where  this  rock  occurs  in  this 
district  is  in  the  north  part  of  the  Haimaneh,  between  Angora  and 
Baluk-kouyoumji. 

9.  Trap  dykes  are  seen  in  the  vicinity  of  Barsek  Dere,  and  between 
it  and  the  Halys,  rising  above  the  surface  and  crossing  each  other  in 
every  direction. 

10.  Volcanic  tuff  and peperite  are  seen  in  the  hills  west  of  Amasia 
associated  with  trappean  rocks. 

Stratified  Rocks, 

The  stratified  rocks  of  this  district  are  generally  so  deficient  in 
fossib,  that  it  is  at  present  almost  premature  to  attempt  any  complete 
or  even  general  classification  of  them.  I  shall,  however,  here  bring 
together  the  different  observations  I  have  made,  which  will  I  trust 
tend  in  some  degree  at  least  to  give  an  idea  of  the  general  character- 
istics of  this  country.  I  did  not  observe  in  this  part  of  Asia  Minor 
any  formations  which  could  with  certainty  be  referred  to  an  older 
epoch  than  the  secondary ;  I  therefore  propose,  for  the  present,  to 
adopt  the  usual  subdivision  of  secondary  and  tertiary  formations. 

1 .  Secondary  Rocks, 

In  considering  the  secondary  rocks  of  this  region  I  have  been  in- 
duced to  divide  them  into  two  formations,  chiefly  if  not  entirely  from 
their  lithological  appearances,  and  also  from  baring,  on  several  occa- 
sions, found  those  beds  which  I  refer  to  the  more  recent  formation 
overlying  the  others,  sometimes  indeed  dipping  in  the  same  direction 
and  at  nearly  the  same  angle,  but  leaving  no  doubt  of  their  belonging 
to  a  later  period,  and  thus  constituting  perhaps  the  different  ele- 
ments of  different  ages.     I  was  nowhere  fortunate  enough  to  meet 
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with  them  in  immediate  contact,  so  as  to  decide  upon  their  degree  of 
conformability  or  separation.  All  that  I  was  enabled  to  observe  be- 
yond what  I  have  just  mentioned  was,  that  in  that  which  I  assume  to 
be  the  oldest,  the  schistose  beds  abound  in  masses  and  veins  of  quartz, 
and  assume  a  more  indurated  and  grauwacke-Uke  appearance,  the 
limestone  beds  becoming  at  the  same  time  more  crystalline  and  of  a 
darker  hue,  and  sometimes  giving  out  a  very  foetid  smell  on  being 
struck  or  fractured,  while  those  which  belong  to  the  newer  formation 
graduate  upwards  into  a  compact  cream-coloured  scagUa.  They  may 
be  described  as  follows : — 

1 .  The  Lower  Secondary,  probably  the  representative  of  the  Jurassic 
or  Oolitic  system. 

2.  The  Upper  Secondary,  probably  corresponding  with  the  Creta- 
ceous system. 

1 .  J%e  Lower  Secondary. — ^This  formation  consists  of  crystalline 
limestone  of  various  colours,  sometimes  associated  with  micaceous 
schists,  or  with  argillaceous  and  arenaceous  beds  penetrated  by  veins 
of  quartz ;  the  sandstones  sometimes  assume  a  compact  and  very  grau- 
wacke-like  appearance,  while  the  argillaceous  beds  are  often  altered  into 
jasper.  In  the  limestone  beds  no  traces  of  stratification  are  generally 
visible,  and  no  fossils  were  found  in  any  of  the  beds  attributed  to 
this  system ;  it  occurs  in  the  following  localities : — generally  speaking 
the  whole  of  the  mountainous  district  which  extends  along  the 
southern  shore  of  the  Black  Sea  from  Sinope  to  Samsiin,  and  be- 
tween it  and  the  valleys  of  the  Kizil  Irmak  and  the  Lycus,  or  rather 
through  which  those  rivers  have  forced  their  way,  consists  of  this 

X'idline  limestone  and  its  subordinate  beds  of  sandstones,  shales  and 
ts  more  or  less  altered  according  to  their  vicinity  to  the  igneous 
rocks  (see  fig.  1). 

Fig.  1. 
Sandstone  altered  by  underlying  Trap. 


a.  Trap  rodu.  h.  Alteied  Mndttooe.  c.  MicMeoua  Mndttone. 

At  Boiavad  the  castle  hill  consists  of  this  limestone  associated  with 
beds  of  red  and  yellow  talcose  schists  much  contorted  and  in  places 
penetrated  by  veins  of  ouartz  (see  fig.  2).  The  goree  of  Kara  tep^, 
about  ten  miles  east  of  JDoiavad,  is  a  narrow  defile  through  the  same 
formation ;  the  hills  are  chiefly  limestone,  thick-bedded,  black  and 
white  veined,  emitting  a  rather  foetid  smell  on  being  fractured. 
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About  a  mile  to  the  west  of  Ladik  is  a  low  ridge  of  granwacke- 
looking  sandstone  dipping  S.S.W.  Immediately  behind,  t.  e.  to  the 
south  of,  Ladik,  is  a  range  of  limestone  hills,  an  outlier  apparently 
of  the  lofty  chain  of  Ak  Dagh  which  forms  the  watershed  between 

Fig.  2. 
Section  qf  Castle  HiUj  Boiavad. 


1.  Igneooi  rock.  3.  SchiitOM  bed*  coatorted. 

3.  Igneous  rock,  reiy  fiuile.  4.  Pmk-Kxdoiiied  eciigUa,  without  tneei  of  ttimtillcatiaB. 

Ladik  and  Amasia ;  the  dip  of  these  beds  is  nearly  vertical,  and  towards 
the  S.E. ;  the  general  strike  of  the  hills  is  from  E.N.E.  to  W.S.W. 
The  limestone  is  a  hard,  semicr^stalline  black  and  white  marble,  and 
below  it  is  a  thick  formation  of  irregularly  bedded  grauwacke  sand- 
stone, yery  hard,  breaking  into  rhomboidal  masses,  and  eonttuning 
in  some  places  veins  of  oucareous  matter,  but  no  organic  remains. 
Further  eastward  the  grauwacke  sandstone  is  seen  dipping  70*^  S.S.W. 

Proceeding  eastward  towards  Niksar,  a  spur  of  this  same  formation 
stretches  across  in  a  N.E.  and  S.W.  direction  between  the  plains  of 
Tashova  and  Niksar,  connecting  the  mountain-chain  of  Ophfimus  on 
the  south  with  that  of  Paryadres  on  the  north. 

Between  Niksar  and  Tocat,  nassmg  from  the  valley  of  the  Lycos 
to  that  of  the  Iris,  thin-bedded  argillaceous  schists  occasionally 
occur,  dipping  S.  70^ ;  and  on  reaching  the  valley  of  the  Iris  and  ap- 
proadiin^  Tocat,  a  fine  crystalline  grey  marble  is  associated  with  these 
same  schists. 

The  lofty  mountains  which  surround  the  town  of  Tocat  are  of  the 
same  highly  crystalline  character,  a  true  marble  traversed  by  red  veins, 
and  associated  with  beds  of  schists,  some  of  which  are  extremely  hard 
and  slaty,  breaking  off  in  large  slabs  and  used  as  ^vestones  by  the 
Turks.  In  the  marble  beds  no  signs  of  stratification  are  visible^  hut 
the  schistose  rocks  show  a  considerable  dip  to  the  S.W. 

The  same  formation  occurs  between  ELalEdjik  and  Angora,  and  also 
to  the  eastward  of  Angora  near  the  commencement  of  me  igneous  or 
trappean  district.  These  schistose  beds  evidently  belong  to  the  oldest 
formations  of  the  district,  inasmuch  as  they  appear  to  have  beoi 
disturbed  previous  to  the  deposition  of  the  red  sandstone. 

Immediately  to  the  eastward  of  the  granitic  outburst  of  Sevrihissar 
is  a  very  remarkable  ridge  of  hills  extending  almost  from  north  to 
south,  and  terminating  at  its  southern  extremity  in  Mount  Dindymus, 


Digitized  by  VjOOQIC 


Ill 


Jl 


Digitized  by  VjOOQIC 


370  PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.       [April  4, 

whicb  oTerhangs  the  classic  site  of  Pessinus.  This  ridge  consists  of 
green  and  yellow  micaceous  or  talcose  schists,  with  an  almost  vertical 
stratification  and  interstratified  with  crystalline  limestone;  in  the 
shale  are  also  found  veins  and  nodules  of  quartz. 

2.  The  Upper  Secondary, — The  rocks  which  I  refer  to  the  scaglia, 
or  equivalents  of  the  chalk  of  the  south  of  Europe,  are  less  crystalline 
than  the  former.  The  Umestones  are  associated  with  beds  of  a  soft, 
yellow,  marly  character,  and  occasionally  contain  a  few  nodules  of 
coarse  flint  of  a  darkish  colour,  and  in  some  instances  I  detected  on 
the  surfaces,  impressions  of  branching  ^coidal  stems.  They  appear 
along  the  coast  of  the  Black  Sea,  to  the  south  and  south-east  of 
Sinope  (see  fig.  3),  dipping  to  the  N.E.  at  an  angle  of  45°  or  50°; 
also  between  the  hot  baths  of  Cauvsa  and  Ladik,  and  in  the  neigh- 
bourhood of  Zilleh  and  of  Amasia,  in  the  mountainous  district  be- 
tween these  two  cities. 

To  the  westward  of  Amasia,  towards  Tchorum,  the  same  rocks 
occur  in  various  places  in  an  almost  vertical  position,  penetrated  by 
trappean  or  igneous  rocks,  forming  the  mass  of  the  hilly  country 
and  mountain  chains  to  Tekia  and  Tchorum.  West  of  Tekia  the 
hills  consist  of  blue  argillaceous  shale,  very  much  contorted  and 
penetrated  by  veins  of  crystallized  carbonate  of  lime.  Between  Tcho- 
rum and  Yeuzgatt  are  two  mountain  ranges,  the  northernmost  of 
which  consists  of  this  same  compact  grey  limestone  and  schistose 
rocks.  In  some  places  the  rocks  have  assumed  the  appearance  of 
red  jasper,  particularly  near  the  centre  of  the  ridge,  probably  the 
effect  of  metamorphic  action  occasioned  by  the  many  outbursts  of 
ieneous  rocks  which  occur  in  the  neighbourhood.  The  southern 
chain  also  consists,  in  a  great  measure,  of  the  same  formation,  and  is 
still  more  frequently  penetrated  and  disturbed  by  igneous  rocks. 

In  the  neignbourhood  of  Boghaz  Kieui,  twenty  miles  north-west  of 
Yeuzgatt,  this  limestone  formation  is  underlaid  by  trachytic  and  por- 
phyritic  rocks,  which  have  been  partly  forced  up  through  the  in- 
durated shales  and  jasper  and  partly  underhe  them.  The  limestone 
rocks  have  been  mucn  broken  up,  and  are  thrown  about  in  large 
masses,  giving  a  singular  appearance  to  the  scenery,  and  serving  m 
some  cases  as  the  site  of  an  ancient  acropolis.  This  is  probably  the 
most  western  extension  of  the  secondary  limestone  in  this  district ; 
it  is  here  succeeded  on  the  west  by  the  red  sandstone  or  nummuhtic 
formation. 

About  sixteen  or  twenty  miles  E.S.E.  of  Angora,  near  the  village 
of  Baluk-kouyoumji,  is  an  outburst  of  slightly  columnar  trachyte, 
which  has  elevated  and  thrown  off  in  every  direction  a  mass  of  thin- 
bedded  compact  scagUa  limestone ;  this  is  in  part  extremely  siliceous, 
and  contains  both  tabular  and  nodular  flint.  In  some  places  too  the 
flint  occurs  regularly  stratified  and  alternating  with  the  Umestone,  re- 
sembling the  appearance  of  some  of  the  beds  in  the  island  of  Corfu. 
To  this  same  formation  I  refer  the  semicirstalline  or  coarse-grained 
saccharine  hmestone  which  occurs  nearer  Angora  on  this  same  line. 
It  rises  in  a  low  round  boss  above  the  surface  of  the  undulating  plain, 
and  proved  on  examination  to  contain  several  species  of  marine  bi- 
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valves,  amongst  which  the  following  have  been  ascertained,  and  which 
on  the  whole  confinn  me  in  the  opinion  that  these  rocks  should  be 
referred  to  the  cretaceous  system ;  viz. : — 

Terebratula,  two  species,  but  hardly  enough  remains  to  decide  the 
species ;  one  of  them,  being  plicated,  is  decidedly  not  of  the  eocene  or 
nummiditic  period,  in  which  such  a  form  does  not  occur. 

Pecten,  two  species,  one  of  them  finely  ribbed,  and  resembling  Lima 
in  general  form. 

2.  Tertiary  Rocks, 

The  beds  belonging  to  this  formation  may,  for  the  present  at  least, 
be  classed  in  the  following  manner : — 

1.  NummuHtic  limestone  and  red  sandstone  (eocene?). 

2.  Basins  of  rock-salt,  blue  marl  and  gypsum  (miocene?). 

3.  Marine  or  brackish  water  formation,  probably  belonging  to  the 
Aralo-Caspian  system. 

4.  White  lacustrine  limestone  with  freshwater  shells. 

1 .  NummuHtic  Limestone  and  Bed  Sandstone  series. 
Sir  R.  Murchison's  paper  on  the  Alps  and  Apennines  lately  read 
before  the  Society^,  in  which  he  has  shown  that  the  nummuhtic 
beds  are  the  lowest  group  of  the  eocene  formation,  has  given  me  a 
clue  to  the  geology  of  this  part  of  Asia  Minor.  It  is  not  impro- 
bable that  as  the  red  and  yellow  sandstones  are  linked  on  to,  and 
overlie  the  nummuhtic  Umestones,  they  stand  in  precisely  the  same 
place  as  the  great  overlying  flysch  of  the  Alps  or  upper  macigno  of 
Italy,  which  Sir  R.  MurcUson  has  classed  with  the  eocene  ^oup. 
With  regard  to  the  nummulitic  limestone,  I  only  discovered  it  m  one 
locaHty  m  this  part  of  Asia  Minor,  viz.  in  the  steep  and  broken  gorge 
of  Barsek  Dere,  a  few  miles  east  of  Kalaijik  (see  fig.  4),  where  the 
narrow  road  winds  down  a  steep  and  rocky  glen,  between  almost  per- 
pendicular or  vertical  beds  of  red  sandstone,  broken  up  and  pene- 
trated, as  I  have  observed,  by-numerous  igneous  rocks.  Tliese  vertical 
beds  rest  against  another  vertical  bed  of  yellow  limestone,  which  I 
at  first  took  for  a  trap  dyke,  so  remarkably  did  it  stand  out  in  reUef 
against  the  softer  and  more  easil]^  decomposing  red  and  yellow  sand- 
stones. The  limestone  bed  contains,  or  rather  is  almost  entirely  made 
up  of,  many  nummulites  of  small  size  with  other  organic  remains, 
some  of  which  appear  to  be  bivalve  shells.  Mr.  Moms  is  of  opinion 
that  there  are  two  distinct  species  of  nummuhtes  ;  portions  of  Tere- 
bratula are  also  visible. 

This  bed  is  overlaid  bv  beds  of  red  conglomerate  and  blue  shale, 
and  is  the  lowest,  or  at  least  one  of  the  lowest,  members  of  the  red 
sandstone  or  older  tertiary  formation. 

Another  locahty  of  this  formation  is  indicated  by  the  fossils  on  the 
table  from  the  neighbourhood  of  Beyjayes,  thirty  miles  south-west 
of  Angora.  I  did  not  indeed  trace  them  to  their  parent  rock,  but  col- 
lected them  from  the  bed  of  a  deep  ravine  in  the  white  earthy  lime- 
stone ;  but  judging  from  the  numerous  fragments,  the  parent  rock, 
although  concefued,  could  not  be  very  far  distant. 

*  Since  published  in  the  Quart.  Joum.  Geol.  Soc.  vol.  y.  p.  157-312. 
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They  oonsiBt  of  a  remarkably  thick  Ostrea,  which  Mr.  Morris  oon- 
aiders  to  belong  to  the  nammahtic  rocks,  and  a  portion  of  a  Cerithinm 
resembling  the  smaU  end  of  C.  gigatUeum, 

As  M.  Tchihatcheff  has  alroidy  observed,  this  red  sandstone  for- 
mation is  extensively  developed  in  a  particular  zone  of  Asia  Minor, 
extending  from  north  to  south  between  32^  and  35^  of  latitade; 
I  am  not  aware  of  its  existing  either  to  the  east  or  west  of  this  zcme, 
although  the  overlying  and  unconformable  gypsum,  sand  and  mari 
formations,  hereafter  to  be  described,  have  a  far  greater  extension  boUi 
to  the  north  and  south.  In  a  paper  published  in  the  5th  vol.  <3i  the 
Transactions  of  this  Society,  I  have  described  the  red  sandstone  forma- 
tion as  it  occurs  between  Mount  Argseus  and  the  great  salt  lake  of  Koch 
Hissar,  and  have  there  left  the  Question  open  whether  it  should  be 
referred  to  the  secondary  or  to  the  tertiary  formation.  In  another 
place*,  alluding  to  its  existence  in  the  districts  now  under  considerar 
tion,  I  have  sti^ed  that  although  in  its  general  appearance  it  is  the 
counterpart  of  the  red  sandstone  districts  of  England,  it  must,  geolo- 
gically speaking,  be  of  a  much  more  recent  date,  inasmuch  as  it  om- 
tains  many  pebbles  of  the  scaglia  limestone,  considered  to  be  the  emd- 
valent  of  our  cretaceous  beds,  and  must  therefore  be  posterior  rather 
than  anterior  to  the  age  of  our  chalk, — a  conclusion  which  is  con- 
firmed by  its  connection  with  the  nummulitic  limestone,  to  which  it 
is  evidentiy  posterior. 

The  section  fig.  4,  constructed  from  the  notes  of  my  journal,  will 
show  the  relative  position  of  this  formation  where  I  crossed  it,  for 
both  to  the  north  and  to  the  south  of  that  line  it  extends  further  to 
the  east.  It  is  everywhere  much  contorted  and  disturbed,  being  in 
some  places  vertical,  thus  showing  the  comparatively  recent  age  id 
many  of  the  igneous  outbursts  of  this  region ;  and  consists  of  a  great 
variety  of  beds  of  different  degrees  of  hardness  and  of  different  shades 
of  red  and  yellow,  the  yellow  bcdng  eenerally  harder  than  the  red. 
Independently  of  its  connection  with  the  nummulitic  limestone,  one 
cause  of  the  interest  attached  to  it  is  owing  to  the  numerous  mines  of 
rock-salt  which  appear  to  be  associated  wiUi  it ;  one  of  them  I  visited 
near  Soungourli;  two  others  have  been  visited  and  described  by 
Mr.  Ainsworth. 

To  the  north  of  Soungourli,  towards  the  salt-mine  of  Chayan  Kieui, 
the  hills  consist  first  of  alternating  red  and  grey  marls  dipping 
W.S.W.  20°;  some  of  them  contain  beds  of  gravel  and  pebbles  of 
secondary  limestone,  red  jasper  and  trap ;  prooeedins;  to  the  north- 
west are  beds  of  hard  red  sandstone  with  an  easterly  £p,  which  gra- 
dually increases  until  in  the  centre  of  the  ridge  it  becomes  almost  ver- 
tical. In  the  detritus  in  the  valleys  and  plains  are  found  many  masses 
of  selenite;  and  where  the  red  sandstone  rock  becomes  vertioJ,  I  ob- 
served in  the  sides  of  the  ravines  many  thick  veins  of  selenite,  with 
smaller  ones  running  in  every  direction  and  intersecting  each  other. 

Proceeding  westward  down  the  valley  from  Soungourli,  the  southern 
prolongation  of  this  line  of  vertical  beds  is  seen  on  either  side.  A 
wide  puiin  then  intervenes,  beyond  which  the  escarpment  of  another 
*  See  Researches  in  Asia  Minor,  vol.  L  pp.  405-6. 


Digitized  by  VjOOQIC 


1849.]        HAMILTON  ON  THE  GEOLOGY  OF  ASIA  MINOR.  373 

line  of  hills  of  red  sandstone  rises,  having  an  easterly  dip  of  50^» 
which  soon  increases  to  70^  £.>  and  then  hacoming  gradually  vertical 
continues  so  for  more  than  two  miles ;  the  beds  here  consist  of  alter- 
nating red  and  grey  sandstone,  the  grey  being  the  hardest,  and  from 
its  greater  power  of  resistance  to  the  effects  of  weathering  constituting 
the  highest  ridges  of  the  hills  ;  the  strike  is  here  also  nom  N.  to  S. 
On  reaching  the  Delhiji  Su,  the  waters  of  which  are  highly  saline,  the 
red  sandstone  rocks  which  are  still  vertical  suddenly  cease,  and  are 
succeeded  unconformably  by  low  hills  of  marl  full  of  selenite  and 
horizontally  stratified.  Still  proceeding  to  the  westward,  along  the 
line  of  section,  the  red  sandstone  beds  with  their  associated  marls  and 
conglomerates  again  appear  about  fifteen  miles  further  west,  and 
about  two  miles  east  of  tneir  junction  with  the  underlying  nummulitic 
limestone.  They  are  here  seen  dipping  west  at  an  angle  of  45%  im- 
mediately to  the  west  of  a  great  outburst  of  trap  rock,  by  which  th^ 
have  been  probably  elevated  and  broken  off ;  as  we  ascend  the  hiU 
the  angle  of  inclination  of  the  red  sandstone  beds  gradually  dimi- 
nishes, until  on  reaching  the  summit  of  the  ridge  it  is  almost  hori- 
zontal. 

On  descending  into  the  deep  gorge  of  Barsek  Dere  the  beds  are 
again  found  after  a  short  distance  to  be  almost  vertical,  evidently 
forming  the  western  side  of  a  deep  synclinal  trough.  To  the  nortn 
the  red  sandstone  hills  are  conspicuously  seen  extending  to  a  great 
distance,  whilst  on  the  line  of  section  they  are  cut  off  by  the 
igneous  rocks  which  now  become  the  predominating  beds  towards 
Angora. 

2.  Banns  of  Rock-Salt,  Blue  Marl,  Sand  and  Gypsum, 

Although  the  basins  of  rock-salt,  so  far  at  least  as  I  had  an  op- 
portunity of  examining  them,  do  not  occur  in  immediate  connec- 
tion with  the  gypseous  beds  of  this  formation,  I  have  considered  it 
more  correct  to  class  them  together  on  account  of  the  uniform  hori- 
zontality  of  both  formations,  in  contradistinction  to  the  upturned 
strata  of  the  underlying  nummulitic  and  red  sandstone  beds ;  and  I 
call  this  the  gypseous  formation,  although  selenite  undoubtedly  occurs 
abundantly  in  some  of  the  red  sandstone  beds,  in  order  to  distinguish 
it  from  the  underlying  unconformable  formations. 

The  rock-salt  occurs  in  small  basins  in  the  centre  of  the  vertical 
beds  of  red  sandstone,  the  strike  of  which  is  north  and  south,  and  by 
which  it  is  entirely  surrounded.  The  salt  itself  is  perfectly  horizon- 
tal, very  hard  ana  compact,  and  is  obtained  by  blasting  it  with  gun- 
powder ;  the  thin  laminations  or  strata  are  sl^htiy  wavy  and  undu- 
lating as  well  as  its  upper  surface.  It  is  overmid  by  a  thick  bed  of 
horizontal  blue  clay  four  or  five  feet  thick,  over  which  is  another  bed 
of  clay,  gravel  and  sand.  The  position  of  this  salt  is  certainly  very 
remarkable ;  it  must  have  been  formed  not  only  subsequenUy  to  the 
deposition  of  the  red  sandstones,  but  even  subsequently  to  their 
having  been  raised  into  their  present  vertical  position  (see  Section 
fig.  5). 
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Fig.  5. 
Beds  of  Rock  Sali  in  Red  Sandttone. 


Nor  is  it  an  easy  matter  to  account  for  its  occorrence,  for  not  only  is 
it  in  a  very  elevated  position,  but  the  basins  themselves  are  too  isolated 
and  of  too  limited  an  extent,  to  allow  us  to  attribute  the  formation  of 
the  salt  to  the  evaporation  of  the  water  of  the  ancient  sea,  on  the 
elevation  of  these  rocks  above  the  surface.  A  more  probable  solution 
b,  that  these  basins  became  the  receptacles  of  salt  springs  which 
flowed  into  them  from  the  surrounding  hills,  in  which  the  saline 
matter  may  have  been  chemically  produced  by  the  effect  of  gases 
entering  the  red  sandstone  in  consequence  of  igneous  or  volcanic 
agency.  Not  being  a  chemist,  I  throw  out  this  suggestion  with  much 
hesitation,  but  I  cannot  account  for  the  phsenomena  in  any  other  way. 
May  we  not  imagine  that  muriatic  vapours,  coming  in  contact  with 
the  soda  contained  in  the  felspathic  elements  of  the  marls,  would 
enter  into  combination  with  that  basis  and  produce  the  requisite  saline 
matter  ?  I  must  also  observe,  that  wherever  I  have  had  an  opportunity 
of  examining  the  analyses  of  natural  saline  springs,  T  have  invariably 
found  that  the  chlorine  or  muriatic  acid  enters  into  combination  with 
the  soda,  but  not  with  the  potass  even  when  it  is  present.  Thus, 
whatever  may  be  the  opinion  of  chemists  as  to  the  greater  affinity  of 
the  chlorine  for  potash  than  for  soda,  it  would  appear  that  in  the 
great  laboratory  of  nature  such  is  not  the  case. 

The  other  principal  element  of  this  formation  consists  of  a  yellow- 
ish sandy  marl  containing  numerous  masses  and  crystals  of  selenite, 
sometimes  passing  into  distinct  beds  of  sands  and  clays  equally  full 
of  similar  small  crystals.  Mr.  Ainsworth  describes  this  formation 
as  constituting  very  extensive  uplands,  and  evidently  saw  it  deve- 
loped on  a  larger  scale  than  I  dia.  In  the  neighbourhood  of  Vizier 
Keupri  it  forms  the  low  undulating  hills  of  the  plain,  which  rest  against 
the  older  semicrystalline  limestone.  The  low  hills  which  surround 
the  plain  of  Tchorum  also  consist  of  it,  containing  masses  of  cal- 
careous marl  besides  the  crystals  of  selenite.  I  nowhere  had  an  op- 
portunity of  discovering  any  fossils  in  this  formation. 

It  also  occurs  to  the  west  of  the  elevated  and  vertical  ridge  of  red 
sandstone  west  of  Soungourli,  where  it  forms  low  hills,  horizontally 
stratified,  on  the  left  bank  of  the  Delhiji  Su.  Again,  to  the  south-west 
of  Sevrihissar,  after  entering  the  great  norizontfd  formation  of  Central 
Anatolia,  beds  of  crystalline  gypsum  and  selenite  crop  out  in  the  hills 
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of  white  earthy  limestone  which  there  contains  a  few  beds  of  flint 
both  tabular  and  in  nodules. 

3.  Aralo-Caspian  Formation  ? 

Another  tertiary  formation  remains  to  be  described,  although  from 
its  isolated  position^  it  is  impossible  to  determine  its  exact  relations 
to  the  nummuUtic  and  gypseous  deposits  of  the  Halys^  from  which  it 
is  separated  by  the  intervening  range  of  the  Jurassic  and  cretaceous 
deposits.  It  occurs  on  the  promontory  of  Sinope,  and  forms  the  crest  of 
the  hill  to  the  north-east  of  the  Greek  town  (see  fig.  1 ) .  Here  are  first 
seen  thin  horizontal  beds  of  a  loose  calcareous  sand  intermixed  with,  and 
OTcrlaid  by,  hard  beds  of  limestone  with  a  few  impressions  of  shells. 
This  is  again  overlaid  by  a  bed  of  shelly  limestone  twenty  or  thirty 
feet  thick  entirely  made  up  of  biyalre  shells.  The  different  parts  of 
the  bed  differ  somewhat  in  consistency,  and  the  shells  are  in  different 
degrees  of  preservation,  some  being  hollow  and  crumbling,  while 
others  are  more  filled  up.  They  appear  to  belong  chiefly  to  the 
genera  Cyrena  and  Cardium,  Above  this  shelly  limestone  is  a  hard 
compact  calcareous  rock,  without  fossils,  but  conformably  stratified 
to  those  beneath.  These  beds,  and  particularly  that  of  snelly  lime- 
stone, had  been  extensively  quarried  by  the  ancient  inhabitants,  as 
appeared  from  the  quarries  themselves,  and  the  numerous  blocks 
occurring  amongst  the  ancient  ruins. 

It  was  after  an  inspection  of  these  fossils  by  Prof.  E.  Forbes  soon 
after  my  return  to  England,  that  Sir  R.  Murchison  inserted  sug^st- 
ively  in  his  Map  of  Russia  and  the  surrounding  lands,  that  the  hme- 
stone  of  Sinope  might  prove  to  be  a  remnant  of  his  large  Aralo-Cas- 
pian brackish  deposit ;  and  I  may  here  observe,  that  another  instance 
of  the  same  deposit  occurs  ftirther  to  the  east  at  Platana,  a  few  miles 
to  the  west  of  Trebizond.  "Whether  this  conjecture  be  correct  or  not, 
or  whether  this  formation  ought  rather  to  be  connected  with  the 
older  and  purely  marine  miocene  limestone  of  Southern  Russia,  more 
accurate  researches  can  alone  determine.  The  Sinope  limestone  may 
possibly  indicate  a  transition  from  one  of  these  conditions  to  the  other. 

4.   White  Idtcuatrine  Limestone  with  Freshwater  Shells. 

It  only  remains  for  me  to  say  a  few  words  respecting  the  forma- 
tion of  white  earthy,  marly  limestone  which  occupies  such  an  exten- 
sive area  in  the  centre  of  Asia  Minor,  and  which  I  believe  to  be  the 
most  recent  of  all  its  formations.  It  has  not  inaptly  been  already 
called  a  lacustrine  formation,  and  has  been  described  by  Mr.  Strick- 
land and  myself  as  occurring  in  large  masses  in  many  of  the  valleys  of 
Western  Anatolia.  It  overlies  that  portion  which  I  have  described 
near  Sevrihissar  as  containing  selenite,  and  extends  south  of  Angora 
and  Sevrihissar  into  the  great  central  district  of  the  Haimaneh,  a 
district  corresponding  in  great  measure  with  the  Axylus  or  woodless 
country  of  the  ancient  geographers  (see  Strabo).  It  contains  in  a  few 
places  freshwater  fossils,  amongst  which  Planorbis,  Limnaa  and  Palu- 
dina  are  the  most  frequent.     It  occasionally  contains  nodules  of  flint, 
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which  in  some  cases  in  the  vicini^  of  igneous  rocks  have  acquired  an 
opaline  character. 

I  cannot  conclude  these  remarks  without  expressing  my  regret  that 
the  ohservations  are  so  desultory  and  unconnected ;  at  the  same  time 
I  trust,  that  until  we  get  the  mil  result  of  M.  TchihatchefiTs  more 
extensiye  discoveries,  they  will  afford  some  clue  to  the  complicated 
geology  of  this  part  of  Asia  Minor ;  at  all  events  they  show  the  ex- 
tent to  which  the  different  formations  have  heen  disturbed  by  igneous 
agency  at  various  periods.  I  look  forward  with  great  interest  to  the 
publication  of  M.  Tchihatcheff's  promised  work. 


2.  On  Tylostoma,  a  proposed  Genus  of  Gasteropodous  MoUusis, 
By  Daniel  Sharpe,  Esq.,  F.G.S. 

Among  the  organic  remains  of  the  beds  belonging  to  the  cretaceous 
system  in  Portugal  are  many  casts  of  univalve  shells,  which  have 
certain  common  characters  entitling  them  to  be  classed  together  and 
distinguishing  them  from  any  described  genus.  Few  of  the  specimens 
found  retain  any  portion  of  the  shell,  and  in  no  instance  was  I  for- 
tunate enough  to  find  the  shell  perfectly  preserved,  so  that  the 
n>ecific  descriptions  are  necessarily  imperfect ;  but  there  are  among 
tnem  materials  to  show  the  generic  characters  nearly  complete. 

These  shells  are  either  globose  or  ovate,  with  a  spire  of  moderate 
elevation,  and  resembling  in  form  either  the  Globiconcha  or  certain 
Natica  and  Phasianella.  The  surface  is  nearly  smooth.  The  mouth 
is  nearly  semilunate,  with  the  lips  united  in  a  regular  curve  ante- 
riorly and  meeting  above  at  a  sharp  angle.  The  outer  lip  is  thick- 
ened internally  by  a  callosity  which  reaches  along  its  whole  extent, 
and  which,  in  some  of  the  species,  is  slightly  toothed  :  this  internal 
callosity  is  repeated  at  r^ular  intervals,  which  differ  according  to 
the  species,  the  most  frequent  repetition  being  twice,  and  the  most 
distant  being  once  in  a  volution.  The  inner  lip  is  expanded  over  the 
body-whorl,  and  almost  conceals  the  columella,  which  is  probably 
solid.  At  the  periods  of  forming  the  internal  odlosity,  the  form  of 
the  mouth  is  temporarily  modified  by  the  outer  Up  being  somewhat 
constricted,  and  by  the  aperture  being  lengthened  at  its  upper  ex- 
tremity by  a  gradual  rising  of  the  upper  edge  of  the  whorl.  A  little 
in  advance  of  the  callosity  the  aperture  returns  to  its  previous  form ; 
the  outer  lip  expands  again  to  its  former  dimensions,  and  the  top  of 
the  whorl  slopes  down  gradually  to  its  former  level.  Thus,  at  eadi 
of  these  periods  of  growth  the  shell  presents  an  external  constriction 
of  the  whorl,  an  internal  thickening  of  the  whole  extent  of  the  outer 
lip,  and  a  temporary  rising  of  the  upper  edge  of  the  whorl.  These 
changes  become  more  marked  as  the  shells  increase  in  age :  in  the 
young  state,  the  shells  show  such  slight  traces  of  these  peculiarities 
that  they  can  scarcely  be  distinguished  from  species  of  Crlobieoncha 
or  Natica. 

The  recurrent  changes  in  the  level  of  the  upper  edge  of  the  whorl 
give  a  peculiar  imsymmetrical  appearance  to  tne  spire,  by  which  the 
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shells  of  this  genus  may  he  instantly  recognised :  in  this  respect  they 
hear  some  resemblance  to  several  species  of  Ranella,  with  which 
eenns,  however^  there  is  no  danger  of  confounding  them,  as  they 
naye  no  canal  nor  notch  to  the  aperture. 

M.  D'Orbigny's  genus  Pterodonta,  which  belongs  to  a  very  dif- 
ferent family  of  Gasteropods,  presents  some  strone  analogies  to  the 
shells  before  us  in  having  a  longitudinal  callosity  witnin  the  outer  Up. 

These  shells  are  abundant  in  Portugal  in  all  the  calcareous  beds  of 
the  upper  and  middle  parts  of  the  cretaceous  system,  and  form  a 
most  useful  guide  to  the  geologist  in  that  country'.  It  is  remarkable 
that  they  should  have  been  rarely  noticed  elsewhere.  One  species  is 
figured  without  a  name  in  a  curious  old  Spanish  work  on  Organic 
Remains,  '  Apparato  para  la  Historia  Natund  Espanola,'  by  Joseph 
Torrubia,  Madrid  1754 ;  I  have  in  consequence  named  it  after  that 
author.  The  only  other  allusion  to  these  shells  which  I  have  met  with 
occurs  in  the  '  Bulletin  de  la  Soci^t^  Gr^logique  de  France/  of  the 
15th  of  May  1843,  vol.  xiv.  pp.  505-512,  where  they  form  part  of 
the  subject  of  a  rather  warm  controversy  between  M.  Charles  Des- 
moulins  and  M.  Alcide  lyOrbigny,  which  I  am  forced  to  touch 
upon,  as  the  subject  would  otherwise  be  left  incomplete. 

M.  Desmoulins  objects  to  the  genus  Globiconcha,  D'Orb.,  that  it 
is  founded  on  imperfect  specimens  belonging  in  reaUty  to  Dolium, 
and  states  that  he  possesses  specimens  of  the  G.  Marrotiana,  D'Orb., 
some  of  which  have  a  longitudinal  constriction  {enfoncement  UmgitU' 
dinat)  bounding  the  outer  Up,  and  proving  the  existence  of  an  inter- 
nal callosity,  foUowed  by  an  external  enlargement  of  the  Up.  Other 
specimens  show  that  the  callosity  of  the  mouth  is  repeated  at  inter- 
vals ;  and  others,  that  the  columella  is  hollow ;  while  certain  of  his 
specimens  show  that  the  G.  Marrotiana  has  not  always  the  sunk 
spire  represented  in  the  figure  of  the  '  Pal^ntologie  Fran9ai8e,' 
pi.  170.  fig.  1,  2,  but  has  sometimes  an  elevated  spire  like  that  of 
G.  rotundata,  pi.  167.  fig.  17  of  the  same  work. 

There  can  be  no  doubt,  that  some,  at  least,  of  the  specimens  thus 
referred  to  by  M.  Desmoulins  belong  to  the  genus  Tylostoma ;  and 
if  the  whole  of  the  specimens  mentioned  by  him  really  belong  to 
Globiconcha  Marrotiana,  there  can  be  no  necessity  for  a  new  genus ; 
but  the  characters  of  the  genus  Globiconcha  must  be  modified  so  as 
to  admit  the  species  described  in  this  paper.  It  is,  however,  impos- 
sible to  suppose  that  so  acute  an  observer  as  M.  D'Orbigny,  in  de- 
scribing the  genus  Globiconcha,  should  have  assigned  to  it  a  "  labre 
mince,  sans  (knts,"  if  it  really  possessed  the  more  important  charac- 
ters which  are  found  in  the  genus  Tylostoma,  and  that  his  artist 
should  also  have  omitted  them  entirely  in  the  figures.  Such  an 
omission  might  occur  with  small  shells  of  the  size  of  the  G.  rotun- 
data  and  G,  Fleuriausa,  I.  c.  figs.  17  &  18,  which  might  be  too 
young  to  show  the  callosity  of  the  Up ;  but  in  the  larger  specimens 
figured  of  G.  Marrotiana  and  G,  ovula,  pi.  170.  figs.  1,  2  &  3,  these 
characters  could  not  have  been  overlooked  by  the  most  inexperienced 
observer.  We  must  conclude,  that  M.  DesmouUns,  in  drawing  his 
remarks  from  different  specimens,  has  confounded  together  shells  of 
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different  genera,  and  applied  to  Globicontha  characters  which  do  not 
helong  to  it.  This  supposition  is  strengthened  hy  bis  placing  together 
shells  with  a  sunk  and  an  eleyated  spire,  which  are  obviously  of  dif- 
ferent species.  Unfortunately,  M.  D'Orbigny's  answer  in  defence  of 
the  plaice  assigned  to  his  genus  Globiconcha  in  the  family  of  the 
ActeonicUs,  is  not  sufficiently  expUcit  as  to  its  true  generic  characters 
to  clear  up  all  doubts  respecting  it. 

I  have  been  forced  to  enter  into  the  above  details,  to  explain  why 
I  cannot  follow  M.  Desmoulins  in  uniting  to  the  Globiconcha  the 
species  to  be  here  described :  a  single  remark  will  explain  why  they 
should  not  be  placed  in  the  genus  DoHum^  as  proposed  by  him, 
namely  that  they  have  no  canal  nor  notch  to  the  aperture,  and 
therefore  belong  to  the  Phytophagous  division  of  Gasteropoda. 

The  callosity  inside  the  mouth  has  suggested  the  name  Tyloatoma 
for  the  eenus,  from  rvkosy  a  callosity,  and  trrofia,  a  mouth:  it  may 
be  thus  defined : — 

Tylostoma.  Shell  ovate  or  globose,  thick  and  nearly  smooth, 
with  a  moderately  elevated  spire:  aperture  ovato-lunate,  the  lips 
meeting  above  at  a  sharp  angle ;  outer  lip  furnished  internally  along 
its  whole  extent  with  a  thickened  edge,  which  is  repeated  at  r^ular 
intervals  and  accompanied  by  a  temporary  lengthening  upwards  of 
the  aperture ;  inner  lip  callous  and  spread  over  the  body-whorl  so 
as  almost  to  conceal  the  columella. 

Tylostoma  Torrttbus,  nobis. 
Torrubia,  1.  c.  pi.  10.  fig.  4. 

Shell  ovate,  slightly  flattened,  with  a  produced  spire  formed  of 
about  8  ?  volutions ;  whorls  evenly  convex.  Internal  callosity  of  the 
outer  Up  broad  and  flattened,  repeated  every  half  volution,  and  ac- 
compamed  with  a  slight  elongation  of  the  mouth  upwards. 

length  4  inches ;  breadth  2  inches  in  one  direction,  2^  inches  in 
the  other. 

Spiral  angle  about  65^. 

From  the  thickening  of  the  Up  occurring  at  about  every  half  volu- 
tion, the  shell  has  somewhat  of  the  flattened  form  of  Ranella :  in 
other  respects  tlus  is  less  irregular,  and  shows  the  pecuUarities  of 
the  genus  less  strongly  than  any  of  the  other  species.  I  have  onlj 
seen  internal  casts. 

Very  abundant  in  the  limestones  of  the  subcretaceous  series,  in 
which  it  has  been  found  at  the  following  locaUties : — Condeixa ; 
San  Fagundo,  about  1^  league  west  of  Coimbra;  Sarjento-m6r, 
about  1^  league  north  of  Coimbra;  Figneira;  Mamarosa,  on  the 
road  from  Aveiro  to  Coimbra ;  and  in  the  clif^  north  of  Cintra  at 
the  Praia  de  Madams. 

Plate  IX.  fig.  1 .  Internal  cast. 

Fig.  2.  The  same  on  the  side  of  the  mouth. 

Tylostoma  punctatum,  nobis. 

SheU  broadly-ovate,  with  a  pyramidal  spire  formed  of  about  6  vo- 
lutions :  whorls  convex,  tabulated  above,  giving  a  step-Uke  outline  to 
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the  spire.  Surface  ornamented  with  numerous  transverse  rows-  of  mi- 
nute punctations  set  in  shallow  furrows,  which  are  crossed  by  fine  lines 
of  growth :  the  rows  of  punctations  are  rather  distant  in  the  upper  part 
of  the  whorl,  but  are  crowded  closely  together  near  its  base.  Mouth 
OTate,  the  upper  angle  somewhat  rounded :  outer  lip  with  a  yery  broad, 
thick,  internal  callosity,  which  is  repeated  once  in  each  volution. 

Length  li  inch ;  breadth  1^  inch. 

Spiral  angle  about  70°,     Sutural  angle  about  60°. 

Abundant  in  limestone  of  the  subcretaceous  series  at  the  village  of 
Sarjento-m6r,  li  league  north  of  Coimbra  on  the  road  to  Oporto. 

To  the  naked  eye  this  shell  appears  nearly  smooth,  and  it  requires 
a  lens  to  show  clearly  the  minute  punctations  which  cover  it :  these 
closely  resemble  the  markings  of  Natica  cassmana,  D*Orb.  Terr. 
Cret.  pi.  175.  fig.  3,  but  the  shells  may  be  readily  distinguished  by 
the  more  tabulated  outline  of  the  Portuguese  species. 

Fig.  3.  A  specimen  with  the  shell  partly  broken  off. 

Fig.  4.  Another  specimen  on  the  side  of  the  mouth. 

Fig.  4  a.  Portion  of  the  surface  of  the  upper  part  of  the  whorl, 
magnified. 

Rg.  4  b,  Portion  of  the  surface  of  the  lower  part  of  the  whorl, 
magnified. 

Tylostoma  globosum,  nobis. 

Shell  globose,  with  a  very  short  spire  formed  of  about  6  volutions : 
whorls  roimded,  nearly  smooth,  marked  only  with  very  faint  lines  of 
growth.  Mouth  narrow :  outer  lip  with  a  thick  subdenticulated  in- 
ternal longitudinal  callosity,  which  is  repeated  at  intervals  equal  to 
fths  of  the  volution,  and  accompanied  by  a  considerable  rise  in  the 
upper  margin  of  the  whorl. 

Length  2^  inches ;  breadth  2^  inches  in  one  direction.  If  inch  in 
the  other. 

Spiral  angle  rounded,  between  100°  and  110°. 

Sutural  angle  varying  in  different  parts  of  the  whorl  from  1 20°  to 
140°. 

Abundant  in  limestone  beds  of  the  subcretaceous  series  at  the 
following  localities : — Figueira ;  one  league  west  of  Montem(5r  velho ; 
San  Fagundo,  1^  league  west  of  Coimbra;  Sarjento-m6r,  1}  league 
north  of  Coimbra.  Rare  in  the  upper  beds  of  the  hippurite  lime- 
stone on  the  west  side  of  Lisbon. 

Perhaps  Globiconcharotundata,  D'Orb.  Terrains  Cr^tac^,  pi.  169. 
fig.  1 7,  may  be  the  young  of  this  shell  before  it  has  begun  to  form 
the  callosities  inside  the  lip. 

Fig.  5.  A  cast  from  the  subcretaceous  beds. 

Fig.  6.  Another  specimen  from  the  same  beds,  with  a  portion  of 
the  shell  preserved. 

Tylostoma  ovatum,  nobis. 

Shell  broadly-ovate,  with  a  moderately  produced  spire  formed  of 
about  6  volutions :  whorls  convex  :  mouth  subovate :  outer  lip  with 
a  very  thick,  subdenticulated,  internal  callosity,  which  is  repeated 
at  intervals  equal  to  about  fths  of  the  volution,  and  is  accompanied 
by  a  very  considerable  rise  in  the  upper  margin  of  the  whorl. 
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Length  2f  inches ;  breadth  2  inches  in  one  direction,  1  f  inch  in  the 
other. 

Spiral  angle  between  70°  and  80°,  rounded. 

Sutund  angle  varying  in  different  parts  of  the  whorl  from  100®  to 
130°. 

Common  in  the  upper  beds  of  the  hippurite  limestone  on  the  west 
side  of  Lisbon.  Abundant  in  the  limestone  beds  of  the  subcretaceous 
series  at  Condeixa ;  San  Fagundo,  1  i  league  west  of  Coimbra ;  Sarjento- 
m6r,  H  league  north  of  Coimbra ;  in  the  cliffs  of  the  Praia  de  Ma- 
9ams  near  Cmtra. 

This  species  is  so  dose  to  T,  fflobasum,  that  it  is  doubtful  whether 
they  may  not  be  identical ;  but  as  we  have  only  the  casts  to  compare, 
and  there  is  a  marked  difference  in  the  proportions  of  the  two  shells, 
I  have  not  ventured  to  unite  them.  T,  ovaium  b  less  globose,  has 
a  higher  spire  and  a  broader  aperture  than  T,  globomtm :  there  is 
alsoTess  ^fference  of  breadth  between  its  two  diameters  than  in  the 
ktter  shell. 

Fig.  7.  A  cast  from  the  subcretaceous  beds. 

Fig.  8.  A  cast  from  the  hippurite  limestone. 


Notes  on  Remains  of  Fossil  Reptiles  discovered  by  Prof.  Henry 
Rogers  of  Pennsylvania,  U.S.,  tn  Greensand  Formations  of 
New  Jersey.     By  Professor  Owen,  F.R.S.,  F.G.S.  &c.  &c. 

[Abstract  of  paper  read  January  dUt ;  see  p.  329.] 

The  paper  descriptive  of  the  series  of  fossils  submitted  to  me  in 
November  1848  by  Prof.  Rogers,  and  read  at  the  meeting  of  the 
Society  on  the  31st  of  JanuiEuy  1849,  has  been  unfortunately  lost; 
the  rough  notes  taken  on  the  inspection  of  the  fossils  have  Hkewise 
been  mislaid,  and  I  am  compellea,  therefore,  in  order  that  the  benefit 
designed  by  Prof.  Rogers  to  English  palaeontologists,  by  bringing  over 
the  above  collection  of  rare  and  valuable  instructive  fossils,  should  not 
be  wholly  lost,  to  give  now  such  notes  as  my  restricted  leisure  will 
permit  of  the  specimens  which  have  been  selected  for  the  subjects  of 
Plates  X.  &  XI. 

Figures  1  to  4,  in  PI.  X.,  are  of  cervical  vertebrae  of  a  Crocodile 
or  Alligator,  constructed  upon  the  same  (proceelian)  type  as  those  of 
the  existing  species :  t .  e,  having  the  anterior  surface  of  the  body  or 
centrum  concave  and  the  postenor  one  (c,  figs.  1  &  3)  convex. 

The  numerous  vertebrae,  cervical,  dqrsal,  lumbar  and  caudal,  of  this 
type,  brought  over  by  Prof.  Rogers,  were  divisible  into  two  series ;  and 
one  of  the  most  characteristic  specimens  of  each  of  these  series  is  here 
selected  to  illustrate  the  difference,  which  shows  that  there  were  two 
species  of  the  same  genus  as  the  modem  Crocodiles  or  Alligators, 
which  left  their  remains  in  the  greensand  deposits  of  the  United 
States.  The  vertebra'  in .  question  is  one  of  the  middle  cervical, 
probably  the  fourth  or  fifth,  in  which  the  parapophysis  (/>)  is  still 
near  the  lower  part  of  the  side  of  the  centrum,  the  diapophysis  {d) 
wholly  developed  from  the  base  of  the  neurapophysis  («),  and  in 
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which  also  a  hypi^physis  {hy)  is  developed  from  the  under  surfisice 
of  the  centmm. 

The  most  marked  difference  between  the  vertebrse  figs.  1  &  3  is 
presented  by  the  latter  process :  in  fig.  1  it  is  double,  or  divided  by 
a  median  longitudinal  cleft;  in  fig.  2  it  is  single,  broad,  flattened 
and  smooth  below.  These  characters  are  well  and  accurately  shown 
in  the  figs.  2  &  4  of  the  inferior  surface  of  the  vertebrae  selected. 
A  corresponding  modification  of  the  hypapophysis  was  presented  by 
other  cervical  and  anterior  dorsal  vertebrse  of  each  series  respectively. 
But  the  specific  distinction  of  the  two  is  manifested  by  other  charac- 
ters. The  cervical  vertebra,  figs.  3  &  4,  is  longer  in  proportion  to 
its  breadth  than  figs.  1  &  2 :  the  parapophysis,  p  in  fig.  1,  comes 
off  from  the  middle  of  the  side  of  the  centrum :  in  fig.  3  its  origin  is 
more  advanced,  and  extends  to  the  border  of  the  anterior  articular 
cup.  AnH  these  characters  were  not  those  distinguishing  different 
positions  of  the  vertebrae  in  the  same  cervical  series,  any  more  than 
those  of  the  hypapophyses,  but  were  characteristic  of  the  other  cer- 
vical vertebrae  of  each  series  respectively. 

Two  species  therefore,  of  Crocodile  or  Alligator,  were  thus  esta- 
blished, equalling  in  size  the  existing  Alligator  Indus  of  the  South- 
em  States,  or  the  Crocodilus  aeutua  of  Jamaica. 

Neither  these,  nor  any  other  existing  Crocodile  of  which  I  have 
had  the  opportunity  of  examining  and  comparing  the  vertebrae,  pre- 
sents the  same  characters  of  the  nypapophyses  which  have  been  de- 
scribed and  figured  in  the  above  fossil  vertebrae.  I  regard  the  species, 
therefore,  to  which  these  vertebrae  respectively  belonged  as  extinct, 
and  agreeably  with  actual  knowledge,  the  oldest  of  the  modem  Cro- 
codilian family. 

For  the  species  characterized  by  vertebrae  of  the  type  of  that  depicted 
in  figs.  1  &  2,  I  propose  the  name  of  Crocodilus  badfissus ;  for  the 
species  with  the  inferior  process  single,  short  and  flattened,  that  of 
Crocodilus  basitruncatus :  these  specific  names  refer,  of  course,  to 
the  characters  of  the  basal  or  inferior  process  (hypapophysis)  :  as 
the  names  Lamna  gracilis,  Otodus  obliquus,  &c.  relate,  not  to  the 
proportions  or  direction  of  the  whole  body  of  the  sharks  so-called, 
but  of  that  part  which  is  most  characteristic  of  the  extinct  species, 
and  most  commonly  found  in  the  fossil  state.  It  is  interesting  to 
observe  that  the  same  kind  of  modification  varies  the  hypapophyses 
of  the  cervical  centrums  of  these  Crocodiles,  as  the  corresponding 
processes  from  the  centrum  of  the  last  cranial  vertebra  of  the  reptiles 
figured  in  figs.  6  &  7,  PI.  X. 

The  proportions  of  the  vertebrae  of  the  Crocodilus  basifissus  re- 
semble those  of  the  vertebrae  of  the  Alligator :  the  longer  vertebrae 
of  the  Crocodilus  basitruncatus  seem  to  me  to  have  belonged  rather 
to  a  true  Crocodile :  in  neither  species  are  they  so  long  and  slender 
as  the  corresponding  vertebrae  of  the  Gavials  or  long-nosed  proctelian 
Crocodiles. 

The  vertebrae  figs.  1-6,  PI.  XL,  also  appertain  to  the  procaelian 
type,  and  in  the  degree  of  the  anterior  concavity  and  posterior  con- 
vexity of  the  centrum  most  resemble  the  vertebrae  of  the  Mosasaurus, 
They  are,  however,  longer  and  more  slender :  the  character  of  the 
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caudal  vertebrae  of  the  MMosaurus,  with  their  ancbylosed  haemal 
arch,  is  weD-knovm  and  sufficiently  marked.  That  the  vertebne  in 
question  have  not  formed  part  of  a  tail  of  a  reptile,  is  shown  by 
the  entire  absence  of  hypapophyses  as  well  as  haemapophyses  from 
the  under  surface  of  their  centrum  (see  fig.  2) ;  from  the  nde  of 
which,  however,  a  large  transverse  process,  probably  a  parapophysis 
(d,  fig.  1),  has  projected.  That  they  had  not  come  fr^m  the  cervical 
or  abdominal  regions  of  the  spine  of  the  Mosasaur  was  satisfactorily 
proved  by  examples  of  vertebrae  of  the  true  Moaasaurus  Maxinnliani, 
fr^m  both  those  regions  of  the  body,  which  were  obtained  by  Prof. 
H.  Roeers  from  the  same  deposits  and  locality,  and  formed  part  of 
the  collection  compared.  The  difference  in  the  forms  and  propor- 
tions of  the  vertebrae  in  question  with  corresponding  ones  of  the  Mo- 
sasaurus  havine  diapophyses  from  the  sides  of  the  centrum,  and  no 
hypapophyses,  is  so  great,  that  I  cannot  refer  them  with  any  probabi- 
lity to  the  same  genua :  they  might  belong  to  the  Mosasauroid  genus 
Leiodon ;  but  in  the  absence  of  the  confirmatory  evidence  of  the  teeth, 
it  seems  preferable  to  refer  the  vertebrae  in  question  to  a  new  genus, 
which  I  propose  to  call  '  MacrosaunUy  from  the  length  of  the  body 
indicated  by  the  proportions  of  the  vertebrae.  I  have  no  doubt, 
however,  that  it  appertains  to  the  Mosasauroid  family  of  Lacertian 
reptiles,  not  to  the  procaelian  Crocodilia. 

The  remains  of  the  true  Mosasaurus  in  Prof.  H.  Rogers's  collection 
included  teeth,  numerous  vertebrae,  bones  of  the  extremities,  and  the 
characteristic  part  of  the  cranium  figured  in  PI.  X.  fig.  5.  The  teeth 
and  the  vertebrae  showed  the  species  to  be  identical  with  that  so  weU 
defined  from  the  European  Mosasaurus  Hoffmanni  by  Prof.  Goldfuss, 
under  the  name  of  Mosasaurus  Maximiliani,  The  lacertian  affinities 
of  this  singular  genus  of  gigantic  Sauria  are  well  illustrated  by  the 
basioccipitid,  PI.  X.  fig.  5 — a  bone  of  the  cranium  of  the  Mosasaur 
which  has  not  before  been  described  or  figured.  It  presents,  as  in 
other  Sauria,  a  convexity  towards  the  atlas,  but  sends  downwards 
from  its  under  surface  two  diverging  hypapophyses — a  character  met 
with  only  in  the  Lacertian  Sauria,  and  not  in  any  of  the  Crocodilians. 
The  difference  between  the  Crocodilian  and  Lacertian  Reptiles  in  this 
respect  will  be  understood  by  comparing  the  figure  of  the  basioccipital 
of  the  Iguana  (PI.  X.  fig.  6)  with  that  of  the  same  bone  in  the  Alli- 
gator (fig.  7),  in  which,  as  in  the  Crocodiles  and  Gravials,  the  occipital 
hypapophysis  is  a  single,  broad  and  thick  process. 

I  regret  much  the  loss  of  the  MSS.  containing  the  results  of  a  very 
careful  study  of  the  rich  series  of  Mosasaurian  fossils  kindly  submitted 
to  my  examination  by  Prof.  Rogers :  they  are  alluded  to  by  Sir  H. 
De  la  Beche  in  his  *  Anniversary  Address,'  p.  27,  where  he  quotes 
one  of  the  remarks  relative  to  certain  metacarpal  or  metatarsal  and 
phalangial  bones,  viz.  that  "they  indicate  the  extremities  of  that 
great  Saurian  to  have  been  organized  according  to  the  type  of  the 
existing  Lacertia,  and  not  of  the  Enaliosauria  or  marine  lizards.'' 

I  conclude  this  unavoidably  brief  account  of  the  ereensand  saurian 
fossils  by  a  notice  of  the  very  remarkable  and  well-defined  form  of 
amphicaelian  vertebra  figured  in  PI.  XI.  figs.  7 — 10.  The  subjects 
of  these  figures  are  two  vertebral  centrums  from  the  anterior  part  of 
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the  thoracic  region,  in  which  the  parapophysis  (p)  has  ascended  to 
the  upper  horder  of  the  side  of  the  centrum,  whilst  the  hypapophysis 
(A)  sml  continues  to  he  developed  from  the  lower  surface  of  the  cen- 
trum. The  peculiar  and  distmctive  character  of  these  vertehrse  is 
shown  in  the  large  size,  and  especially  the  great  antero-posterior 
extent  of  the  hypapophysis.  Its  base  occupies  the  whole  extent  of 
the  median  line  of  the  inferior  surface  between  the  prominent  borders 
of  the  anterior  and  posterior  articular  ends  of  the  centrum ;  and  the 
length  of  this  large  uunelliform  hypapophysis  seems  to  haye  been  con- 
siderable, since,  in  the  vertebra,  figs.  8,  10,  in  which  upwards  of  half 
an  inch  of  its  base  is  retained,  there  is  little  diminution  of  thickness 
at  the  fractured  surface. 

The  d^ree  of  concavity  of  the  two  articular  extremities  of  the  cen- 
trum corresponds  with  tnai  in  the  Teleosauroids,  to  which  family  of 
amphicselian  Crocodilia  these  vertebrae  are  referable.  They  indicate, 
however,  a  particular  genus  in  that  family,  of  which,  ttom.  their 
stratum,  it  would  seem  to  be  the  latest  representative ;  and  I  propose 
the  name  Hyposaurus  for  this^^iM,  in  reference  to  the  characteristic 
process — the  hypapophvsis,  and  suggest  that  the  species,  when  its 
characters  are  more  fully  worked  out,  should  be  called  after  the  di- 
stinguished and  amiable  geologist  to  whom  we  are  indebted  for  our 
knowledge  of  the  existence  of  such  a  Teleosauroid  in  the  cretaceous  sera* 

DESCRIPTION  OF  THE  PLATES. 
PLATE  X. 

Fig.  1.  Side  view  of  the  third  or  fourth  cervical  vertebra  of  the  Croeodihu  basU 

JUsui, 
Fig.  2.  Under  view  of  the  same  vertebra. 

Fig.  3.  Side  view  of  the  corresponding  vertebra  of  the  Croeodihu  batitruneatut. 
Fig.  4.  Under  view  of  the  same  vertebra. 

In  all  these  figures,  e  is  the  centrum,  hy  the  hypapophysis,  p  the  para- 
pophysis, d  the  diapophysis,  n  the  fractured  base  of  the  neural  arch. 
Fig.  5.  Back  view  of  the  basioccipital  bone  of  the  Motaaaurut  MaxUmliani :  hy,  its 

hypapophyses. 
Fig.  6.  The  same  view  of  the  basioccipital  of  an  Iguana. 
Fig.  7.  The  same  view  of  the  basioccipital  of  a  young  iVlligator. 

PLATE  XI. 
Fig.  1.  Side  view  of  a  cervical  or  anterior  abdominal  vertebra  of  the  Macrosaurua 

Fig.  2.  Under  view  of  the  same  vertebra. 

Fig.  3.  Anterior  concave  articular  surface  of  the  same  vertebra. 

Fig.  4.  Posterior  convex  articular  surface  of  the  same  vertebra. 

Fig.  *b,  A  smaller  vertebra  of  the  same  species. 

Fig.  6.  Posterior  convex  articular  surface  of  the  same  vertebra. 

Fig.  7.  Side  view  of  the  centrum  of  an  anterior  dorsal  vertebra  of  the  Hypo$auru8 
Rogtrrii, 

Fig.  8.  Side  view  of  a  succeeding  vertebra  of  the  same  tpedes. 

Fig.  9.  Under  view  of  the  vertebra  fig.  7. 

Fig.  10.  Posterior  subconcave  articmar  surface  (partially  mutilated)  of  the  ver- 
tebra fig.  8. 
In  all  these  figures  d  is  tbc  diapophysis,  p  the  parapophysis,  and  hy  the 

hypapophysis. 
In  both  Plates  the  figured  arc  of  the  natural  size. 
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TRANSLATIONS  AND  NOTICES 


GEOLOGICAL  MExMOIRS. 


On  Altered  Tertiary  Rocks  near  Cairo. 

The  following  reiaarkable  case  of  metamorphosis  in  rocks  adjoining 
the  alluvial  Iwid  of  Lower  Egypt  is  well  deserving  the  attention  of 
geologists,  from  the  difficulty  of  assigning  the  cause  or  causes  to 
which  the  change  of  structure  in  so  modem  a  sedimentary  deposit  can 
be  ascribed.  It  appears  from  Russegger*s  geological  mw  of  Egypt, 
that  the  nearest  igneous  rock  is  seventy  miles  distant,  on  tne  southern 
flank  of  the  moimtain  Dschebel  Areidy,  on  the  border  of  the  Gulf  of 
Suez,  in  the  parallel  of  the  town  of  Benisuef  on  the  Nile. 

[L.  H.] 

[From  Rossegger's  Reisen  in  Europa,  Alien  und  Afrika,  B.  L  8. 272-277.] 

"  North-east  from  the  Mokattam"^  the  coarse  hmestone  beds  arc 
covered  by  a  sandstone,  consisting  of  a  mixture  of  fragments  of  quartz, 
agate,  flint,  chalcedony,  homstone  and  flinty  slate,  with  a  pretty  uni- 
form ^rain,  and  of  considerable  hardness.  It  contains  a  few  marine 
orgamc  remains,  and,  in  my  opinion,  is  an  ancient  marine  diluvium. 
Thb  sandstone  forms  in  general  a  plateau,  with  low  flat-topped  hill- 
ocks, but  rises  here  and  there  into  groups  of  hills,  the  height  of  which 
however  is  inferior  to  that  of  the  Mokattam.  It  is  the  prevailing  rock 
throughout  the  whole  Isthmus  of  Suez,  and  on  the  coast  it  is  overlaid 
by  a  recent  marine  formation.  This  sandstone  contains  siliceous 
concretions,  and  also  fragments  of  fossil  wood,  which  is  converted 
wholly  into  sihca. 

''  In  several  places  this  rock  exhibits  some  remarkable  alterations  of 
structure,  whicn,  at  first  sight,  one  is  almost  convinced  must  have  been 
occasioned  by  volcanic  action.  The  grains  of  the  sandstone  appear 
agglutinated,  as  if  changed  into  the  state  of  a  frit ;  the  mass  appears 
penetrated  throughout  by  pure  sihceous  matter,  which  gives  it  a 
Dom<^neous  structure,  untd  at  last  it  acquires  the  aspect  of  a  hom- 
stone passing  into  an  obsidian,  with  a  flat  conchoidal  fracture  and  a 
ringing  sound  when  struck,  like  phonoUte.     This  altered  rock  is  in 

C  remarkably  beautiful,  exhibiting  all  manner  of  colours,  with  a 
s  between  greasy  and  vitreous.    The  included  nodules  appear 

*  A  bill  composed  of  nnmmolite  limestone  ind  otber  tertiary  sedimentary  rocks, 
near  Cairo,  rising  to  a  height  of  430  feet  above  the  Mediterranean. 
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little  changed,  except  that  at  their  exterior  they  appear  to  melt  into 
the  surrounding  mass.  The  rock  has  a  remarkahle  resemhlance  to 
those  sandstones  which  have  been  long  exposed  to  a  very  great  heat  in 
a  blast-furnace  or  glass-house,  so  that  eren  the  pure  quartz  and  sub- 
stances related  to  it  have  undergone  a  slight  d^ree  of  fusion. 

"  This  fritted  and  half-molten  sandstone  covers  a  large  area  in  the 
desert,  and  entire  hills  are  composed  of  it.  Moreover,  we  meet  with 
this  appearance  not  only  in  the  diluvial  sandstone  district  of  Lower 
E^^rpt,  but  likewise  in  the  tertiary  sandstones  of  Upper  Egypt,  in  the 
red  sandstone  of  Mount  Sinai,  in  the  tertiary  variegated  redsandstone 
of  Nubia,  and,  with  the  exception  of  Lower  Egypt,  frequently  in  the 
vicinity  of  outbursts  of  unstratified  rocks,  such  as  granite,  porphyry, 
trachyte,  &c.  It  b  this  last  circumstance  especially  which,  on  viewing 
this  remarkable  appearance,  suggests  the  idea  of  volcanic  action ;  for 
we  conclude,  and  to  a  certain  extent  must  necessarily  conclude,  that 
heat  was  the  agent  in  the  formation  of  the  above-named  crystalline 
rocks.  NeverUieless  we  come  to  places  where  one  must  have  a  strong 
prepossession  in  favour  of  i^eous  action  to  be  able  to  dLscover  any 
trace  of  volcanic  aeency.  When  we  meet  with  exactly  the  same  i^ 
pearances  in  the  widely  extended  plains  of  the  desert,  far  distant  from 
the  above-named  unstratified  rocxs,  without  a  trace  of  any  elevation, 
any  fissure,  or  any  outburst,  we  naturally  ask,  where  can  the  focus  of 
volcanic  action  have  been  ? 

*'  It  seems  then  that  in  this  case  we  have  to  do  with  two  powers, 
which  although  essentially  different,  have  in  different  ways  produced 
the  same  effects, — ^have  given  rise  to  the  same  appearances.  The  one 
of  these,  volcanic  action,  caused  by  the  vicinity  of  crystalline  rocks, 
in  connection  with  their  erupticm ;  the  other,  a  separation  of  the  sili- 
ceous matter  in  the  sandstone,  and  an  afier-predpitation  of  it  in  cer- 
tain places,  causing  the  particles  of  the  sandstone  to  assume  a  more  or 
less  homogeneous  structure, — an  action  similar  to  that  which  gives  rise 
to  siliceous  concretions.  There  is  however  this  difference  in  this  last 
process,  that  the  concretions  are  constituted  of  the  precipitated  ma- 
terial only,  and  form  a  simple  mineralogical  body ;  whereas  the  con- 
cretions in  the  case  in  question  present  the  appearance  of  the  partides 
of  the  precipitated  matter,  not  oombininff  with  each  other  only,  but 
mixing  up  with  the  unaltered  and  altered  constituents  of  the  rock  in 
which  the  process  has  taken  place,  forming  a  new  body,  a  newly  com- 
pounded stone,  which  becomes  more  homogeneous  the  greater  the 
action  of  the  precipitated  material,  both  in  amount  and  in  effect. 

'*  Which  of  these  two  ways  nature  chose  in  each  particular  case  I 
will  not  venture  to  decide,  and  I  therefore  undertake  only,  as  often 
as  this  appearance  presents  itself^  to  describe  the  circumstances  of 
each  locafity  in  detail,  leavinff  to  those  who  are  not  contented  with 
knowing  Uie  facts  onJy,  to  deduce  from  them  such  hypothesis  or 
theory,  or  by  whatever  name  they  choose  to  call  it,  as  they  may  feel 
inclined. 

*'  One  of  the  most  remarkable  places  where  this  vitrified  sandstone 
may  be  seen  is  the  Dschebel  Achmar  (the  red  mountain)  north  of  the 
Mokattam,  and  separated  from  it  by  a  defile.     This  hill  may  be  seen 
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to  the  right  of  the  road  from  Cairo  to  Ahus-abel,  rising  in  a  sharp  broken 
outline  to  the  height  of  360  Paris  feet  above  the  Mediterranean.  In 
this  hill  there  are  some  distinct  traces  of  a  Tolcanic  eruption :  even  as 
seen  from  a  distance  it  is  distinguished  by  its  conical  shape,  and  it  is 
also  remarkable  by  the  strong  contrast  of  its  brownish-red  colour  with 
the  pale  yellow  of  the  desert.  Dschebel  Achmar  is  wholly  composed 
of  yitrified  sandstone,  and  forms  a  distinct  ^up  of  conical  hills.  In 
the  midst  of  these  there  is  a  wide  crater-hke  hollow,  the  bottom  of 
which  exhibits  great  inequalities,  and  which  has  openings  on  the  N.W. 
and  S.E.  The  chief  group,  which  encloses  the  crater,  if  it  can  be  so 
called,  has  a  circumference  of  nearly  4000  fathoms  (kla/ter)  =  4^ 
miles.  In  the  bottom  of  this  crater  there  are  several  holes,  how  deep 
I  know  not,  which  are  perhaps  rents  in  the  rocks,  that  pl&yed  an  im- 
portant part  in  the  eruption,  if  there  ever  was  one.  Tne  walls  of 
these  sloping  cracks  are  completely  vitrified ;  and  to  suppose  that  to 
have  been  produced  or  even  helped  by  artificial  means  is  out  of  the 
question.  One  of  these  clefts  is  still  open  to  a  considerable  depth, 
and  then  ends  in  broken  masses.  From  Dschebel  Achmar  many 
similar  conical  hills  may  be  seen,  but  none  of  them  equal  to  it  in  ex- 
tent. It  really  appears  as  if  the  whole  ground  under  the  strata  of 
coarse  limestone  of  the  Mokattam  had  been  in  a  state  of  volcanic  ac- 
tivity ;  that  the  molten  mass  had  burst  through  in  several  places  and 
oversowed  at  the  surface,  causing  new  secondary  fusions  and  meta- 
morphoses of  the  rocks.  For  besides  the  vitrified  sandstone  on 
Dschebel  Adimar,  we  see  several  kinds  of  stone  which  have  all  the 
M)pearance  of  being  nothingelse  than  the  rocks  of  the  Mokattam, 
yitrified  and  half  melted.  We  see  there,  in  short,  the  sand  of  the 
desert,  melted  and  in  the  state  of  frit,  as  well  as  the  diluvial  sandstone 
of  the  isthmus.  We  see  the  sandy  iron-shot  day  that  lies  between 
the  siliceous  limestone  and  the  superior  nummuHte  limestone,  burnt 
and  melted.  We  see  melted  and  vitrified  siliceous  limestone,  vitrified 
white  earthy  limestone,  and  also  melted  nummutite  limestone,  with 
its  included  nodules  and  fossils  wholly  changed  by  the  fire.  We  found 
in  the  half-melted  iron-shot  clay  some  fossil  wood,  quite  similar  to  that 
commonly  occurring  in  the  Mokattam  and  its  neighbourhood,  but 
entirely  converted  into  homstone ;  also  a  white  granular  quartz  in  the 
state  of  a  frit,  probably  a  melted  lower  bed  of  sandstone ;  and  lastly, 
we  found  some  basalt-hke  rocks,  but  without  olivine,  and  consequently 
their  basaltic  nature  is  certainly  doubtfrd ;  and  these  rocks  appear  to 
rise  from  a  considerable  depth,  for  I  never  saw  them  resting  on  the 
ground. 

''  If,  taking  into  account  what  has  just  been  said,  I  consider  the 
appearances  which  the  locahties  present,  the  finding  all  the  rocks  of 
the  Mokattam,  but  in  an  altered  condition,  and  not,  as  it  would  seem, 
by  the  action  of  fire ;  if  frirther  I  consider,  not  so  much  the  area  which 
is  occupied  by  these  remarkable  rocks,  but  their  mass,  the  fissures  in 
the  crater-like  hollow  with  vitrified  sides,  and  such  like,  I  cannot,  on 
the  one  hand,  believe  that  there  is  nothing  more  in  all  this  than  con- 
cretionary formations  of  the  siliceous  material ;  and  still  less  can  I 
believe  that  it  is  the  effect  of  formerly-existing  thermal  springs,  now 
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dried  up.  But,  on  the  other  hand,  there  are  wanting  many  of  those 
criteria  of  extinct  volcanic  action  which  would  lead  me  to  lean  with 
confidence  to  the  side  of  an  igneous  origin ;  for  with  the  exception  of 
the  few  loose  fragments  of  a  basaltic  rock,  I  miss  every  product  of 
extinct  or  active  volcanos ;  I  see  no  lava,  not  one  of  the  so-called  plu- 
tonic  rocks.  I  miss  a  distinct  undoubted  crater,  all  lava-streams,  &c. ; 
in  short,  the  agreement  with  any  one  of  the  volcanos  I  have  since  seen, 
either  in  respect  of  the  nature  of  the  rocks  or  the  structure  of  the  soil ; 
in  fine,  of  the  whole  habitus.  Are  the  appearances  to  be  explained 
by  supposing  the  rocks  to  have  been  altered  by  hot  vapours  ?  by  the 
action  of  some  principle  similar  to  that  which  in  the  island  of  Milo 
has  changed  clay  into  porcelain  jasper? 

"  I  believe  that  I  ought  to  call  upon  every  geological  traveHer  who 
visits  the  land  of  the  pyramids  not  to  omit  to  visit  Dschebel  Achmar. 
As  far  as  I  know,  I  am  the  first  who  has  examined  it  with  reference 
to  science ;  but  I  am  by  no  means  convinced,  and  I  say  so  with  perfect 
sincerity,  of  the  soundness  of  my  conclusions ;  and  of  this  he  will  be 
able  to  judge,  who,  free  from  prejudice,  will  investigate  the  phceno- 
mena  on  the  spot.'* 


Contributions  to  the  Flora  of  the  Brown-Coal  Formation. 
By  Prof.  GoppERT. 

[From  Arbeiten  der  Schlesischen  Gesellsch.  1847,  p.  74.] 

In  the  year  1839  I  examined  some  of  the  bituminous  wood  found  in 
the  brown-coal  formation  in  various  districts  of  Northern  Germamr*, 
and  at  that  time  described  two  species  (Pinites  Protolarix  and  Tax- 
kes  Ayckiv)^  which,  from  the  width  of  their  distribution,  seemed  to 
me  peculiarly  deserving  of  attention.  More  recently,  in  the  work 
published  conjointly  with  Dr.  Berendt  in  Danzig,  on  the  v^etable 
remains  found  in  amber,  I  collected  a  flora,  comprising  fifty-four 
species,  which  in  regard  to  the  genera  could  not  be  distinguished 
from  that  of  the  brown-coal ;  although  no  brown-coal  beds  contain- 
ing amber  in  its  natural  position  have  yet  been  certainly  pointed  out. 
The  amber  which  I  formerly  thought  I  had  discovered  in  the  brown- 
coal  at  Muskfiu  b  nothing  more  thEui  Retinasphalt.  I  now  possess  a 
small  stem  covered  with  the  bark,  on  which  the  resinous  exudation 
appears  in  drops,  and  many  other  fossil  coniferse,  among  them  even 
Taxineee,  show  the  same  appearance,  but  none  of  them,  so  far  as  I 
know,  such  an  abundance  of  resin  as  the  small  stems  and  the  frag- 
ments of  wood  in  my  collection  which  produced  the  amber.  These  I 
have  figured  and  described  in  the  work  mentioned  above,  and  they 
have  been  seen  by  a  ereat  number  both  of  Crerman  and  foreign  natu- 
ralists. At  present  they  must  be  regarded  as  the  only  remains  which 
give  us  any  certain  knowledge  of  the  existence  of  at  least  one  tree 
producing  amber,  although  I  have  no  doubt  that  there  were  several. 

*  See  a  paper  '  On  the  bituminous  and  petrified  wood  recently  discovered  in  the 
basaltic  tufa  of  the  high  Seelbachkopfe  near  Siegen»  with  remarks  on  the  brown- 
coal  formation  generally,'  in  Karsten  and  v.  Deehen's  Archiv,  vol.  xiv.  p.  182  etc 
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Dr.  Thomas,  to  whom  I  am  indebted  for  many  interesting  contribu- 
tions to  my  inquiries,  having  chemically  examined  seyeral  remains  of 
wood  from  the  brown-coal  deposits  of  the  Samland,  and  found  suc- 
cinic acid  in  them,  considers  that  these  trees  must  idso  be  added  to 
those  producing  amber,  and  that  these  deposits  generally  must  be  re- 
garded as  the  place  in  which  this  substance  originates.     I  would 
nowerer  remark,  that  this  fact  alone  cannot  be  considered  as  sufficient 
proof,  since  succinic  acid  occurs  as  a  product  of  oxidation  of  many 
kinds  of  wax  or  fats,  in  many  deposits  of  brown-coal,  and  even  in  the 
resin  of  still-existing  coniferse  and  several  other  plants,  as  in  wormwood 
and  lettuce.     The  actual  occurrence  of  amber  in  the  wood  or  the  layers 
of  bark  can  alone  prove  decisive,  and  justify  us  in  regarding  a  fossil 
as  belonging  to  a  tree  producing  amber.     But  even  were  the  original 
bed  containing  the  amber-tree  actually  discovered  on  the  coast  of 
Prussia,  and  mat  it  may  be  so  I  have  the  less  reason  to  doubt,  from 
having  never  visited  the  place  myself,  still  the  numerous  facts  col- 
lected by  my  respected  coadjutor,  proving  the  wide  drifting  of  the 
amber  by  floods  in  the  districts  round  the  Baltic,  lose  nothing  of  their 
value,  and  I  can  now  only  confirm  their  truth  from  many  observations 
which  I  have  either  made  personally  in  Silesia  and  the  Lausitz,  or 
obtained  from  others*.     In  not  one  of  the  many  brown-coal  beds 
opened  in  our  province  has  amber  ever  occurred,  but  always  in  the 
undoubted  drift  deposits  (in  rein  aufgesckwemmtem  Lande)  above 
them,  generally  very  near  the  surface,  in  sand  or  loam-pits  with  many 
boulders,  and,  as  very  lately  above  the  brown-coal  bed  at  Schwiebus, 
with  fragments  of  friable  wood  rounded  on  all  the  comers  like  drift- 
wood, such  as  I  never  saw  in  our  brown-coal  deposits.     The  num- 
ber of  localities  in  both  provinces  known  to  me  at  present  amounts  to 
ninety,     I  confine  myself  in  these,  as  in  all  similar  cases,  entirely  to 
observations  on  which  prejudice  can  have  no  influence,  as  I  do  not  con- 
sider myself  qualified  to  decide  on  geognostic  and  geological  questions ; 
but  I  entreat  geolc^ists  not  to  neglect  such  observations,  especially  at 
present,  when  there  seems  a  disposition  unconditionally  to  recognise 
our  brown-coal  deposits  as  the  native  place  of  the  amber.     I  have 
only  interfered  with  this  question  so  far  as,  from  the  existing  mate- 
rials, considered  in  a  purely  botanical  point  of  view,  I  have  endea- 
voured to  show,  what  hitherto  had  not  been  done,  that  there  existed 
at  least  one  amber-bearing  tree ;  and  at  the  same  time,  from  the  other 
enclosed  vegetable  remains,  to  construct  a  picture  of  the  co-existing 
flora.     A  solution  of  the  still  unsettled  problem  of  the  original  repo- 
sitory of  the  amber  I  leave  to  geologists.     Almost  the  whole  of  the 
specimens  of  the  amber-tree  in  my  collection  mentioned  above  show 
distinct  traces  of  having  been  drifted. 

Continually  occupied  with  the  examination  of  the  bituminous  wood 
found  in  the  brown-coal  deposits  of  Northern  Germany  and  the  Rhine, 
I  shall  annex  to  these  observations  a  few  of  the  results  obtained. 

1 .  The  predominance  of  Coniferfle  seems  verf  remarkable.  Among 
300  specimens  of  bituminous  wood  collected  in  the  Silesian  brown- 

*  Julius  Miiller  in  der  Allgem.  Naturhist.  Zeit.  von  Sachse,  vol.  i.  2  Heft. 
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coal  deposits  alone,  only  a  yenr  few  {nur  dn  paar)  other  kinds  of 
dicotyl^onous  wood  occur.  This  seems  the  more  remarkable,  since 
in  many  places  leaves  of  dicotyledonous  trees  with  deciduous  folia^ 
have  been  found  in  the  clays  of  the  brown-coal  formation,  and  yet  m 
the  coal-beds  the  trees  on  which  we  may  svqppose  them  to  have  grown 
are  wanting.  This  might  be  regarded  as  inoicating  a  formation  firwn 
drift-wood,  but  the  following  considerations  are  opposed  to  this  view. 
In  the  brown-coal  beds  at  Blumenthal  near  Neisse,  wood  of  deci- 
duous trees  occurs  along  wi4h  twigs  and  fruits  of  a  Taxns  and  Co- 
pressinea ;  amongst  the  trees  only  Taxus  and  Cupressinea,  vrith  no 
trace  of  any  other  kind  of  dicotyledonous  tree.  Tnis  seems  an  im- 
portant fiict,  as  perhaps  leading  to  an  explanation  of  this  remarkable 
phsenomenon.  I  beUeve  that  during  the  process  of  maceration  and 
decomposition,  to  which  the  vegetation  of  the  brown-coal  forests  vras 
subjected  before  it  was  buried  between  layers  of  earth  and  protected 
from  atmospheric  influences,  the  dedduous-leaved  trees  lost  their 
organic  connection  sooner  than  the  hiehly  resinous  wood  of  the  coni- 
ferae,  and  hence  fell  to  pieces,  whilst  the  latter  were  for  the  most  part 
preserved, — ^a  view,  so  far  as  I  know,  in  harmony  with  the  result  ai 
experience  on  the  duration  of  these  kinds  of  wood  in  similar  circum- 
stances. I  throw  out  this  however  only  as  a  conjecture,  which  may 
perhaps  be  subsequently  confirmed  by  an  examinaticm  of  difiPerent 
brown-coal  deposits. 

2.  The  number  of  species  is  on  the  whole  very  small  in  comparison 
with  the  enormous  mass  of  brown-coal  they  have  contributed  to  form, 
from  which  we  may  conclude  that  the  comferse  of  the  ancient  world 
had  a  similar  gregarious  mode  of  growth  with  those  that  now  flourish 
on  the  earth.  To  prove  this  in  certain  beds,  even  for  single  species, 
I  collect  as  many  specimens  of  different  trunks  or  fragments  of  bitu- 
minous wood  as  are  to  be  foimd,  and  then  examine  them.  From  this 
the  predominance  of  certain  species  at  once  appears,  and  though 
it  may  be  justly  remarked  that  several  fragments  of  one  and  the  same 
tree  may  often  occur,  still  frequent  repetition  of  this  somewhat  labo- 
rious process  at  last  enables  us  to  obtain  a  result  approaching  nearly 
to  certainty. 

3.  The  fossil  species  are  remarkably  distinct  from  those  of  the  pre- 
sent coniferous  flora  of  northern  Germany ;  few  resemble  our  Pinu9 
Abies  and  Picea,  and  I  have  hitherto  only  found  a  single  species  with 
the  structure  of  Pinus  sylvestrUt  or  generally  of  the  genus  Pinus  as 
limited  by  Richard  and  Link ;  the  greater  part  agree  with  Cupres- 
sinea, if  we  may  judge  from  the  smooth  bark  of  the  larger  stems,  the 
sharply-defined  annual  rings,  the  small  number  of  cells  contained  in 
a  medullary  ray,  although  there  are  exceptions  to  this  rule ;  whilst  the 
predominance  even  ouantitatively  of  the  form  of  Taxus,  of  which  I  can 
well  distinguish  at  least  four  species,  is  remarkable.  Among  them 
are  species  of  which  the  wood,  formed  of  ceUs  with  thick  walls,  is 
denser  and  more  compact  than  that  of  the  existing  Taxus ;  but  also 
one  species  of  uncommon  lightness  and  with  large  cells,  sin^lar  to  the 
wood  of  the  North  American  Taxus  montatut,  Nutt.,  or  Torreya  taxi- 
foliay  Amott.     My  present  as  well  as  former  researches  show  as  a 
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whole  that  a  great  nmilarity  prevails  between  the  flora  of  the  brown- 
coal  and  the  flora  of  the  temperate  zone  of  the  United  States  of  North 
America.  This  will  appear  more  decisively  when  I  am  able  to  bring 
together  all  the  results  bearing  on  this  point. 

All  the  species  of  Taxus  observed  in  the  brown-coal  differ  remark- 
ably from  those  now  existing  in  the  three  or  fourfold  striation  of  the 
sides  of  the  cells  running  at  acute  angles,  whereas  in  the  latter  a  single 
fibre  forms  an  almost  horizontal  spiral.  In  many  brown-coal  deposits 
in  Silesia  as  well  as  in  Prussian  Saxoiw  (Nietleben  near  Hallcy  Wor- 
schen,  Gramschutz,  Rossbach  near  weissenfels,  Teuditz,  ToUwitz 
near  Durenberg,  Voigtstedt  near  Artem)  species  of  Taxus  seem  to 
predominate  even  quantitatively,  and  among  them  the  Taxites  Ayckii 
formerly  described  has  an  uncommonly  wide  distribution,  not  only  in 
the  localities  now  named,  but  also  occurs  in  the  Rhenish  brown-coal 
deposits,  in  Hessenbruck  near  Laubach  in  the  Wetterau,  in  SUesia, 
the  Lausitz,  at  Redlau  near  Danzig,  in  the  Samland  in  Prussia,  and 
Ostrolenka  in  Poland.  Further  researches  will  undoubtedly  show 
similar  results  in  relation  to  other  species,  as  for  example  the  Pinites 
Protolarix, 

4.  Narrow  annual  rings,  consequently  a  highly  compressed  growth, 
such  as  in  existing  coniferse  is  only  found,  according  to  Martins,  in 
hi^  northern  latitudes,  and  according  to  my  own  observations  for- 
merly published,  on  high  mountains,  is  constantly  found  prevailing 
in  the  bituminous  trees,  and  imparts  to  some  of  the  wood  an  uncom- 
mon density  and  weight,  similar  to  that  of  the  Guaiac  wood.  In 
many  species  I  have  counted  15-20  annual  rings  in  the  breadth  of  a 
line,  of  course  in  roimd  stems,  as  in  those  pressed  flat  the  influence 
of  the  compression  must  also  be  taken  into  account,  though  in  other 
respects  its  influence,  as  for  instance  on  the  walls  of  cells,  is  less  than 
might  be  imagined.  A  stem  of  a  Pinites  Protolarix  from  the  brown- 
coal  pits  near  Laasan,  with  a  diameter  of  12  inches  in  breadth  and 
1 6  inches  in  length,  showed  in  this  narrow  circumference  not  fewer 
than  700  annual  rings.  Tet  in  the  ancient  as  in  the  present  world, 
there  was  a  sreat  diversity  in  the  rate  of  growth  even  of  the  same 
species,  for  m  another  nearlv  cylindrical  stem  of  this  tree  16  inches 
in  diameter,  only  400  annual  rings  could  be  distinguished. 

5.  I  have  repeatedly  observed  on  trunks  and  branches,  the  broken- 
off  twigs  and  branches  grown  over  by  new  layers  of  wood,  and  to 
my  great  joy  in  the  brown-coal  pit  of  Francisca  at  Popelwitz  near 
Nimptsch  in  Silesia,  a  stump  of  a  conifera  perfectly  shut  in  hj  the 
more  recent  layers,  which  might  have  served  right  well  for  a  Krater 
or  drinking-cup,  for  which,  as  Theophrastus  tells  us,  the  ancient  Thra- 
cians  used  th^  stumps  of  the  pine.  As  the  same  laws  of  y^tation 
prevailed  in  the  ancient  and  in  tne  existing  creation,  there  is  nothing 
sin^lar  in  this  observation,  yet  still  it  seemed  to  deserve  a  passing 
notice.  [J.  N.] 
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On  Jointed  Tentacles  or  Pinnula,  composed  of  Ccdc-spar,  found 
on  the  Amhulacral  spaces  of  the  Pentremites.     By  Dr.  Fred. 

ROEMBR. 

[Leonhard  and  BronnV  Jahrbueh,  1848,  p.  291.] 

A  FORTUNATE  discovery  in  the  beds  of  the  carboniferous  limestone  on 
Mount  Sano^  a  hill  near  the  town  of  Huntsville  in  Alabama,  in  North 
America,  has  enabled  me  to  add  something  to  our  knowledge  of  the 
remarkable  genus  Pentremites,  in  consequence  of  which  its  podtkm 
in  the  system  must  be  essentially  altered. 

The  rentremites,  as  is  well  known,  exhilnt  on  the  sur&ce  of  their 
spherical  or  pear-shaped  shell  five  distinctly  bounded  spaces,  which 
diverging  like  the  rays  of  a  star  from  the  central  opening  aboTe,  pass 
down  the  sides  of  the  body  and  are  pierced  by  longitudinal  rows  of 
minute  holes  or  pores.  These  diyisions  have  been  compared  with  the 
amhulacral  spaces  of  the  JSchinides;  and  in  consequaice.  Say  the 
founder  of  the  genus,  Goldfuss  and  others  who  have  subsequently 
studied  its  characters,  have  considered  the  Pentremites  as  a  connect- 
ing link  between  the  Crinoids  and  the  Echinidce. 

Hundreds  and  thousands  of  specimens,  which  I  hare  either  col- 
lected myself  in  the  Western  States  of  the  Union  or  seen  in  the  mu- 
seums there,  all  show  these  spaces  penetrated  by  pores,  and  without 
any  appendage  or  covering.  In  the  specimen  discovered  in  the  above 
locality  in  Alabama  the  case  is  different,  as  I  shall  now  more  minutely 
describe. 

The  specimen  is  a  Pentremite  about  an  inch  long,  belonging  to  a 
species  intermediate  to  Pentremites  florealis  and  P.  pyriformis.  Say. 
Only  one  side  of  the  body  is  visible ;  the  remainder  is  concealed  in  the 
rock, — which  also  contains  a  fragment  of  that  remarkable  coral  of  the 
genus  Archunedes,  Lesueur,  which,  not  less  than  the  Pentremites,  is 
characteristic  of  the  lower  division  of  the  carboniferous  hmestone  in 
the  Western  States.  The  exposed  side  shows  distinctly — two  of  the 
three  basal  or  pelvic  joints ; — two  of  Miller's  so-called  scapulae,  stand- 
ing on  the  former  and  bifurcating  so  as  to  receive  the  suppo^  am- 
bmacral  spaces ; — ^further,  one  of  the  five  trapezium-like  pieces  which 
stand  on  me  obUauely  truncated  points  of  two  adjoining  scapulae  *  ; — 
and  lastly,  two  of  the  five  so-called  amhulacral  spaces. 

These  spaces  exhibit  the  truly  singular  peculiarity  of  the  spedmen. 
They  are  covered  with  highly  delicate  appendages  or  tentades,  com- 
posed of  minute  fragments  of  calc-spar,  and  placed  close  together  in 
two  regular  longitudmal  rows  on  each  space. 

The  structure  of  these  appendages  is  similar  to  that  of  the  tentacles 
or  pinnulae  (as  they  are  more  correctly  named  by  Johannes  Muller 
in  contradistinction  to  the  membranous  feelers  or  tentacles,  which  also 
appear  there)  on  the  arms  of  the  Crinoids. 

The  basis  of  each  of  them  is  formed  by  a  single  portion  of  calc-spar 
which  is  obtusely  bevelled  above ;  to  this  succeeds  still  smaUer  thin- 

*  These  have  not  been  obseryed  by  any  one  except  Dr.  Troost,  who  has  con- 
tributed BO  much  to  our  knowledge  of  the  natnrd  history  of  the  Western  States. 
Compare  Transactions  of  the  GeoT.  Soc.  of  Pennsylvania,  vol.  i.  p.  224  e/  a^. 
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ner  laminse  iu  two  rows  alternating  with  each  other,  and  at  length 
towards  the  extremity  larger  laminar  pieces  in  a  single  row.  In  the 
specimen  descrihed  the  l^t  are  placed  vertical  to  the  plane  of  the 
tentacular  space  {FiUderfeld),  whilst  the  other  part  of  the  appendage 
lies  with  its  hroad  side  on  the  plane  of  the  space. 

The  length  of  the  pinnulse  is  very  considerable  in  relation  to  their 
thickness :  some  of  those  originating  at  the  lower  extremity  of  the 
field  can  be  followed  even  beyond  the  point  of  the  interscapukry  tra- 
pezoidal piece. 

The  direction  of  all  these  appendages  is  veiy  accurately  towards 
the  vertex  of  the  shell ;  consequently  in  the  middle  of  the  tentacular 
space  they  lie  thickly  compressed  on  each  other,  and  this  seems  to 
have  caused  that  half-turning  round  of  the  tentacles,  so  that  the 
laminar  portion  of  the  upper  extremity  comes  to  be  vertical  to  the 
shell. 

The  number  of  the  pinnulae  in  each  row  of  a  space  (FeUf)  is  about 
fifty,  which  is  also  about  the  number  of  the  holes  in  a  row  of  the  un- 
covered, so-called,  ambulacral  space  of  a  Pentremite  of  nearly  the 
same  size. 

In  the  annexed  drawings,  which  my  friend  Dr.  Ewald  has  had  the 
kindness  to  prepare,  all  tne  circumstances  described  are  represented 
with  remarkable  fidelity  and  care,  and  render  any  further  description 
unnecessary. 


Fig.  a. 


Fig.  6. 


Fig.  c. 


Fig.  a.  is  a  view  of  the  specimen  of  the  natural  size. 
Fi^.  b.  a  view  of  a  tentacular  space  with  the  pinnulae,  magnified 
two  tunes. 

Fig.  c.  a  single  pinnula,  magnified  three  times. 

The  most  general  result  regarding  the  structure  of  the  Pentremite 
that  may  be  deduced  from  the  consideration  of  this  specimen  is : — 
"The  minute  pores  which  penetrate  the  ambulacral  spaces  of 
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the  Pentremites  in  two  marginal  longitudinal  rows  are  not,  as  was 
formerly  supposed,  intended  for  the  passage  of  soft  membranous 
feelers,  like  the  holes  on  the  tentacular  spaces  of  the  Echinidae,  but 
they  are  canals  for  nourishing  iq)pendages  composed  of  portions  of 
calc-spar,  and  formed  in  the  same  manner  as  the  pinnulee  on  the  anna 
of  Crinoids." 

With  this  the  approximation  of  the  Poitremites  to  the  Echimtes 
hitherto  generally  receired  &lls  to  the  ground,  as  no  longer  capable 
of  being  maintained"^.  The  Pentremites  are  genuine  Crinoids,  whidi 
instead  of  a  limited  number  of  compound  arms,  are  provided  with 
numerous,  definitely-arranged,  simple,  undivided  i^pendages,  com- 
posed of  pieces  of  calc-spar. 

They  form  a  peculiar  group  amone  the  Crinoids,  characterized  not 
only  by  the  numerous,  simple,  arm-hke  appendages,  but  also  by  the 
five  large  openings  placed  round  the  central  vertical  opening,  and  by 
a  peculiar  simple  dispositicm  of  the  plates  of  the  cup. 

In  the  absence  of  true  compound  arms,  the  Blastoides  (the  fiunily 
name  already  given  to  them  by  Say)  agree  with  the  Cystidese  of  L. 
von  Buch.  The  scars  {Narben)  wmch  occur  near  the  mouth  in  some 
of  the  latter  may  have  been  the  points  of  attachment  for  similar 
simple  appendages ;  but  many  arms  could  not  have  been  placed  Uiere, 
as  has  already  been  distmctly  stated  in  the  celebrated  monograph  of 
the  family. 

In  conclusion,  we  must  say  one  word  in  regard  to  the  physiological 
purpose  of  the  arm-like  appendages  now  described  in  the  Pentremites. 
The  pinnulsB  of  the  Comatulse  and  Pentacrini  with  which  these  ap- 
pendages may  be  most  suitably  compared,  have,  according  to  Johannes 
Muller,  a  twofold  purpose.  In  the  first  place,  they  serve  to  seize  and 
to  convey  to  the  mouth  the  food  necessary  to  the  support  of  the  ani- 
mal ;  and  in  the  second,  the  male  and  female  reproductive  organs  are 
situated  at  the  base  of  these  pinnulae. 

It  is  in  every  respect  very  probable  that  the  appendages  of  the 
Pentremites  may  have  served  for  the  first  purpose,  and  the  definite 
direction  which  they  all  assume  towards  the  central  opening  in  the 
vertex,  which  undoubtedly  corresponds  to  the  mouth,  confirms  this 
view.  On  the  other  hand,  it  is  impossible  that  the  reproductive 
organs  can  have  been  placed  at  their  basis,  if,  as  seems  necessaiy,  we 
consider  the  five  openings  on  the  top  surrounding  the  central  one  of 
the  mouth  as  the  ovarial  openings. 

That  these  arm-like  appendages  of  the  Pentremites  should  not  have 
been  previously  observed,  does  not  seem  remarkable  when  their  ex- 
tremely delicate  structure  is  considered,  and  we  must  rather  ascribe  it 
to  some  peculiarly  favourable  conditions  during  petrifieu^tion  that  they 
have  been  preserved  even  in  a  single  case. 

Though  not  immediately  connected  with  what  precedes,  I  must 

*  That  the  formatioii  of  the  so-called  ambulacral  spaces  themsdves,  and  the 
position  of  the  holes  upon  them,  is  entirely  different  from  that  of  the  tentacular 
spaces  of  the  Echinites,  can  only  be  indicated  in  this  place.  The  more  complete 
exposition  of  the  fact  must  be  reserved  for  a  connected  work  on  the  genus  Penfrf- 
miteg,  for  which  I  have  collected  rich  materials  in  North  America. 
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remark  that  the  genus  Pentremiies  was  also  represented  in  the  Silu- 
rian division  of  the  paleeozoic  formations.  A  species  described  some 
years  ago  by  Dr.  Troost  as  Pentremites  Reinwardii,  I  have  myself 
found  very  abundantly  in  the  vicinity  of  Perryville^  in  the  state  of 
Tennessee,  along  with  Caryocrinua  omatus,  in  strata  identical  in  aee 
with  the  Niagara  group  of  the  New  York  geologists,  and  consequently 
with  the  Wenlock  limestone  of  England.  [J.  N.] 


The  Fossil  Flora  o^Parschlug.     By  F.  Unger. 

[From  Steyermarkisclie  Zeitschr.,  b,  ix.  Jhrg.,  1  Heft,  in  Leon,  and  Bronn's  Jahrb. 

1848,  p.  505.] 

A  very  limited  space  around  Parschlug  has  alreadv  furnished  141 
species  of  fossil  plants.  This  place  is  situated  in  the  valley  of  the 
Wurz,  which  runs  for  ei^ht  (thirty-seven  English)  miles  from  north- 
east to  south-west,  and  is  nowhere  above  half  a  mile  (2^  English) 
broad,  and  is  inclosed  by  lofty  mountains  of  the  slate-formation,  whose 
summits  are  from  four  to  six  thousand  feet  high.  This  valley  during 
the  tertiary  period  appears  to  have  been  shut  up  at  the  lower  extre- 
mity and  to  have  formed  a  lake  in  which  lacustrine  beds  with  shells 
of  nreshwater  mollusks  (Unio),  shells  of  Cypris,  wing-cases  of  Coleo^ 
ptera,  and  especially  portions  of  plants,  were  deposited.  The  series 
of  tertiary  strata  is  as  follows :  — 

15.  Soriacesoil. 

14.  Whitish  yellow  marl-shales    Some  fathoms. 

13.  Hard  marl-shales  with  the  best  impressions  of  plants,  and 

day-ironstone 5  inches. 

12.  Soft  grey  slate-clay 7  feet. 

11.  Blac^sh  brown  slate-day  with  leaf  impressions  Thin. 

10.  Pitch-coal  and  slate-coal     7  feet. 

9.  Fuller's  earth  Thin. 

8.  Black  lignite  (brown  coal) 3  feet. 

7.  Marl-slate 6  feet. 

6.  Compact  marl-slate Thin. 

5.  Slate-day     9  feet. 

4.  Black  Ugnite  (brown  coal) 2  feet. 

3.  Compact  marl-slate  with  shells  8  inches. 

2.  Black  slaty  lignite  (brown  coal)  on  slate-clay  and  sand  ...  6  feet. 

1.  ^ne-grained  quartzose  sandstone. 

The  beds  are  inclined  at  22°  to  h.  9^  (S.  37F  W.),  and  are  covered  by 
horizontal  diluvial  beds.  The  vegetable  remains  consist  of  leaves, 
bud-scales,  winged  seeds  and  fruits,  pods  and  other  parts  of  the  fruit, 
branches  without  leaves,  fragments  of  bark,  rarely  nuts  and  stone-fruits, 
catkins  of  flowers  and  seeds.  It  is  the  autumnal  stripping  {Abfalle) 
of  a  forest  vegetation,  composed,  according  to  the  indications  here 
preserved,  almost  exclusively  of  trees  and  brushwood,  with  which  five 
plants  are  associated,  which  may  have  lived  in  marshy  places  in  the 
woods ;  but  no  traces  of  water-plants  have  as  yet  occurred.  All  the 
characters  lead  us  to  believe  that  soon  after  their  fall  from  the  trees 
these  remains  were  collected  by  an  inundation  of  a  stream  from  a 
wide-extended  river-basin  (for  so  great  a  variety  of  trees  are  never 
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fouiid  growing  iu  a  limited  district),  and  carried  with  a  eentle  incli- 
nation into  a  lake,  where  they  were  deposited  along  with  the  mnd. 
The  number  of  trees  with  ever-green  leaves,  together  with  those  with 
leathery  {hduHgen)  fohage,  inmcates  a  climate  of  12° — 17°  C.  (54° 
— 63°  Fahr.)  ;  and  as  there  are  no  palms  among  them  which  suppose 
an  annual  temperature  of  15°  C.  (59°  F.),  we  may  assume  thi^  the 
climate  of  Parschlug  (which  at  present  is  only  9°  C.  (48|°  F.))  was 
during  the  tertiary  period  12°— 15°  C.  (54°— 59°F.)»  corresponding 
in  Europe  to  45° — 42°  of  N.  lat.,  or  the  shores  of  the  Mediterranean ; 
in  North  America  to  43° — 37°  N.  lat.,  or  southern  Vh^inia.  In  its 
special  character  this  fossil  flora  agrees  with  that  of  the  southern 
parts  of  the  United  States  of  North  America  and  of  Upper  Mexico. 
In  sixty-seven  genera  (Sippen)  there  are  indeed  above  forty  which 
belong  both  to  the  old  and  new  continents,  but  in  the  remainder  only 
Paliurus,  Zizypkus  and  Celastrus  are  confined  at  present  to  the  old 
world,  whereas  on  the  other  hand,  Taxadium,  lAquidambar,  Comp- 
ionia,  Achras,  Prinos,  Nemopanthes,  Ceanothus,  SmUaXy  Robinia 
and  Amorpha,  occur  exclusively  in  America.  In  Uke  manner  the 
number  of  species  which  have  their  nearest  allies  on  the  Mediterranean 
are  only  twelve,  whereas  those  related  to  American  species  are  twice 
as  many,  and  also  greatly  preponderate  in  the  number  of  individuals. 
The  author  does  not  think  that  any  species  still  existing  occurs  among 
them,  for  although  some  remains  cannot  be  distinguished  from  the 
corresponding  parts  of  hving  plants,  yet  he  believes  that  as  the  greater 
number  are  certainly  distinct,  we  must  draw  the  same  conclusion  re- 
garding the  few  that  remain'*'. 

Besides  Parschlug,  where  a  tooth  of  the  Mastodon  angustidena  was 
found  in  the  coal,  there  are  some  other  localities  of  tertiary  plants,  as 
Aflenz  and  Tumau  (where  the  miocene  Dorcatherium  Naui  has  oc- 
curred), Winkel,  Hauenstein,  Judenburg  and  Leoben,  which  however 
have  not  furnished  many  well-preserved  species,  and  very  few  identical 
with  those  of  Parschlug)  a  greater  number  indeed  agreeing  more  nearly 
with  those  of  other  remoter  locaUtiesf  (although  if  we  rightly  under- 
stand the  author,  he  considers  the  formations  at  Winkel,  Leoben,  &c., 
as  identical  with  that  of  Parschlug).  Parschlug  hkewise  shows  more 
agreement  with  distant  localities,  as  Oningen,  Bilin,  Radoboj  and 
Haring,  some  of  which  have  produced  also  insects,  fishes,  reptiles,  and 
mammalia,  and  must  in  like  manner  be  regarded  as  miocene ;  and  in 
respect  of  the  plants,  insects  and  reptiles,  possess,  according  to  the 
researches  of  Al.  Braun,  Osw.  Heer,  and  Herm.  v.  Meyer,  a  closer 
relationship  to  North  America,  Japan,  and  the  Mediterranean  coun- 

*  Since  it  is  beyond  all  doubt  that  the  tertiary  strata  contain  species  of  niollusks 
and  mammalia  which  still  occur  living,  so  that  the  proportion  of  recent  shells  in 
different  deposits  is  found  »  0*20  —  0*50  —  0*80  —  0*95,  and  R.  Owen  estimates 
that  of  the  mammalia  in  England  at  0*50,  it  seems  to  us,  as  we  have  often  stated, 
juster  and  more  unprejudiced  to  allow  those  things  to  remain  united  which  we 
cannot  distinguish,  especially  as  the  opposite  conduct  leads  to  results  to  which  no 
end  can  be  assigned.  Why  should  we,  by  violent  separations,  produce  forced  ex- 
ceptions to  the  universal  laws  of  nature  ? — Edit,  L.  4*  B*8  Jakr, 

t  The  difference  does  not  however  seem  of  much  importance,  and  in  consequence 
of  the  small  number  of  species  known  from  these  places,  perhaps  only  accidental. 
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tries  of  Europe,  than  to  the  present  fauna  and  flora  of  the  districts 
themselyes.  It  seems  therefore  that  even  during  the  miocene  tertiary 
period  itself,  various  successive  floras  have  flourished  in  these  coun- 
tries. The  author  is  of  the  opinion  that  the  miocene  fauna  and  flora 
had  a  uniform  character  over  the  whole  earth ;  that  this  character  has 
continued  to  exist  in  those  regions  whose  temperature  and  local  pecu- 
liarities have  remained  unchanged ;  but  that  where,  in  consequence 
of  alterations  in  the  relievo  of  the  earth's  surface,  the  temperature 
and  other  conditions  have  also  been  modified,  there  the  species  have 
not  emigrated,  but  gradually  (as  species)  become  extinct,  whilst  other 
species  of  a  dUfferent  type  have  taken  their  place.  Where,  however, 
the  temperature  has  remained  uniform,  there  the  successive  species 
have  retained  the  original  character,  and  in  this  way  the  agreement  of 
this  fragment  of  the  European  tertiary  flora  with  that  now  existing 
in  North  America,  on  the  snores  of  the  Mediterranean,  and  in  Japan, 
may  be  explained.  The  author  intends  to  describe  the  new  species 
in  detail  in  his  '  Genera  et  Species  Plantarum  Fossilium,'  but  in  this 
place  gives  only  the  names*.  Several  are  already  described  by  Unger 
{Chloru protogaa),  Alex.  Braun  and  Brongniart.  [J.  N.] 


Palaontological  Notes.     By  Hermann  v.  Meyer. 

[From  Leonhard  and  Bronn's  Jahrbuch,  1848,  p.  465.] 

HoLZERWiED  near  Bussenhausen,  in  the  Canton  Zurich,  must  now 
be  added  to  the  localities  in  Switzerland  in  which  the  diluvial  Loss 
contains  remains  only  of  the  Elephas  primigenius,  as  Herr  A.  Escher 
von  der  Linth  has  sent  me  some  teeth  of  this  animal  of  a  calcined 
aspect  from  that  place.  More  importance  attaches  to  the  occurrence 
of  this  elephant  in  the  diluvial  slate-coal,  which  much  resembles 
brown-coal,  at  Diimten,  a  league  from  R^perswyl,  where  a  large 
molar  tooth  has  been  found  of  a  brown  colour  hke  walnut  wood,  and 
thus  very  similar  to  teeth  from  the  tertiary  brown-coals.  This  coal 
deposit  represents  the  oldest  diluvial  filling-up  of  the  valleys  in  the 
Swiss  Alps,  and  contains  plants  which  Heer  was  not  able  to  distin- 
guish from  those  now  living  in  moist  places  in  Switzerland.  Near 
Utznach,  this  slate-coal  furnished  the  tooth  of  a  laree  ruminant  re- 
sembling the  deer.  The  occurrence  of  Elephaa  in  this  situation  re- 
minds me  of  a  Mammoth  skeleton  dug  out  at  Troitskoe  near  Moskau, 
and  described  by  BouilUer.  The  upright  position  in  a  marsh,  in 
which  the  animal  was  found,  shows  distinctly  that  it  had  been  buried 
in  the  mud  when  venturing  too  far  on  the  soft  ground  in  search  of 
food.  The  formation  at  Moskau  also  consists  of  a  fine  laminated 
mass  resembling  brown-coal,  containing  fishes,  infusoria  and  plants 
of  species  still  hving  in  the  neighbourhood.  I  would  also  draw  at- 
tention to  an  observation  recorded  in  my  *  Palseontologica,'  p.  540, 
according  to  which  the  Elephaa  occurred  with  remains  of  the  ox,  stag, 
fishes,  shells  and  plants,  in  a  turf-Uke  diluvial  bed  at  Wittigendorf 

*  The  list  will  be  foand  in  Leonhard  and  Bronn's  '  Jahrbuch/  but  it  has  not 
seemed  necessaxy  to  reprint  it  in  this  place. 
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near  Sprottau.  All  these  places  are  only  the  natural  abodes  of  the 
ancient  elephant,  where  it  found  its  food,  consisting  of  species  of 
plants,  which  were  not  distinct  from  those  that  still  flourish  in  these 
localities.  Such  facts  refute  the  groundless  hypothesis,  that  the  re- 
mains of  elephants  were  transported  by  great  floods  from  distant  re- 
gions to  the  places  where  they  are  now  found ;  or  that  the  species  was 
only  enabled  to  exist  in  them  by  the  influence  of  external  causes  or 
great  changes  in  climate.  They  also  testify  to  the  truth  of  a  view 
which  I  have  long  adopted,  that  there  is  some  internal  cause  of  this 
phaenomenon,  through  which,  even  in  historical  times,  the  extinction 
and  geographical  distribution  of  species  have  been  limited. 

Groldfuss  in  his  work  on  the  ArckegoMaunu  describes  the  skuU 
of  an  animal,  from  the  stone-coal  formation  of  Heimskirchen  near 
Kaiserslautem,  which  he  names  Sclerocephalus,  as  that  of  a  fiah.  It 
seems  to  me  to  have  more  resemblance  to  that  of  the  Labyrintho- 
donts  than  even  the  Archegosaurua^  and  consequently  may  as  well  as 
this  genus  be  added  to  the  Saurians. 

Professor  £.  Schmid  of  Jena  has  recently  entrusted  to  me  his 
whole  collection  of  fossil  vertebrate  animals  from  the  muschelkalk 
of  that  district.  To  it  was  added  two  new  species  of  Ammonites  from 
the  celestine  strata  in  the  lower  muschelkalk  at  Wogau ;  one  of  them 
is  a  very  beautiful  species  which  I  have  named  ^.  {Ceratites)  Wogau- 
ensis.  It  is  nearest  the  A.  (Cera tit ea)  enodis,  Quenst.,  but  is  smaller, 
and  the  back  is  not  arched  but  acute,  thus  giving  a  different  cha- 
racter to  the  sides  ;  it  is  perfectly  smooth,  ana  even  the  sutures  do 
not  agree  with  those  of  the  species  compared  with  it. 

The  remains  of  saurians  in  this  collection  formed  a  very  accept- 
able addition  to  my  'Monograph  of  the  Saurians  of  the  MuschelkalK.' 
Previously  I  only  knew  from  the  vicinity  of  Jena  those  remains  which 
Count  Miinster  had  received  from  Professor  Schmid;  and  it  is  of 
great  importance  that  I  now  have  the  use  of  Schmid's  own  collection. 
The  muschelkalk  saurians  of  Jena  were  mostly  of  small  dimensions ; 
but  one  rib  bespeaks  a  large  animal.  The  collection  contains  the 
humeri,  always  the  most  important  bone,  of  eight  smaller  species, 
belonging  to  more  than  one  genus;  and  the  Ifurge  rib  indicates  a 
ninth  species.  Formerly  I  knew  no  humerus  from  the  muschelkalk 
in  which  the  foramen  for  the  passage  of  the  ulnar  artery  was  want- 
ing ;  but  this  is  the  case  in  one  of  the  Jena  bones,  a  circumstance 
hardly  accidental,  as  the  bone  otherwise  indicates  a  peculiar  spedes. 
A  humeral  bone  in  the  collection  of  Coimt  Munster  also  shows  the 
existence  of  another  species,  so  that  there  were  at  least  ten  saurians 
in  the  muschelkalk  of  Jena ;  and  among  these  humeri  there  is  scarcely 
one  that  agrees  with  the  bones  from  Upper  Silesia  or  other  locaHties 
in  this  formation.  The  coracoid  bones  m  Schmid's  collection  belong 
to  six  species,  two  others  are  found  in  that  of  Count  Munster,  and 
this  bone  in  the  large  species  is  still  wanting ;  so  that  the  coracoid 
bones  from  Jena  al^  point  to  the  existence  of  nine  roedes,  most  of 
them  distinct  from  those  of  other  districts.  These  collections  contain 
the  scapulae  of  four  small  species,  the  femoral  bones  of  three  species, 
and  the  pelvic  bones  of  at  least  four  species ;  all,  as  well  as  the  small 
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vertebrae,  showing  no  complete  agreement  with  the  bones  from  Upper 
Silesia  or  other  countries.  The  teeth  resemble  those  of  the  Notno- 
saums.  Labjnnthodonts  as  yet  are  entirely  wanting.  Besides  these 
there  has  been  found  :  in  the  bone-beds  of  the  muschelkalk  of  Wogau 
the  hiunerus  of  two  species,  but  not  distinct  from  those  of  Jena ;  in 
the  Wellenkalk  (lower  muschelkalk)  of  Lobedaburg  a  tooth  of  a 
small  species,  formed  like  that  of  the  Nothosaurus ;  in  the  bone- 
breccia  of  the  muschelkalk  of  Keilhau  near  Rudolstadt,  yertebrse  of 
a  very  small  species ;  in  the  terebratula-limestone  of  Zwetzen,  a  bone 
of  the  pelyis  ;  in  the  highest  beds  of  the  muschelkalk  at  Mertendorf, 
three  leagues  from  Jena,  a  humerus ;  and  in  the  keuper-limestone  of 
Yieckbere  near  Apolda,  a  large,  nothosaurus-like  tooth. 

The  fishes  from  this  district,  with  those  from  Querfurth  and  from 
Upper  Silesia,  will  be  described  by  me  in  one  of  the  early  numbers 
of  the  '  Palaeontographica,'  the  plates  being  already  lithographed. 
Besides  scales  and  an  imimportant  fragment  of  the  jaw  of  a  small  fish 
with  cylindrical  teeth,  the  proper  muschelkalk  of  Jena  has  only  fur- 
nished the  Saurichthys  tenuirostrU,  of  which  Agassiz  (Pois.  Foss.  ii. 
b,  p.  88)  incorrectly  states  that  it  only  occurs  in  the  muschelkalk  of 
Bayaria,  where  it  is  entirely  unknown.  It  is  confined  to  Jena,  and 
occasionally  occurs  also  at  Querfurth,  from  which  the  specimen  was 
deriyed  wmch  Buttner  lone  ago  fieured  (Rudera  testis  duuyii^  1710). 
The  glanconite  muschelkauJc  of  Mattstadt  near  Apolda  contains  teeth 
of  Saurichthys  Mougeoti.  More  important  is  the  terebratula-lime- 
stone  of  Zwetzen,  containing  teeth  of  Placodus,  which,  besides  Pl€h 
codu9  gigaSf  seem  to  have  belonged  also  to  another  species.  The 
most  interesting  specimen  from  Zwetzen  is  a  jaw  with  several  teeth 
of  a  new  genus  of  fish  also  of  a  large  size,  wnich  from  the  dome  or 
cupola-like  form  of  the  top  of  the  teeth  I  have  named  Tholodus,  and 
this  species  Tholodus  Schmidt.  It  is  best  placed  near  Acrodus,  though 
the  teeth  are  wholly  distinct. 

In  the  'Athenaeum'  for  June  5,  1847>  Sir  R.  Murchison  has 
published  a  letter  of  Agassiz  from  America,  in  which  he  expresses 
his  astonishment  at  the  analogy  which  exists  between  the  types  of 
life  in  the  temperate  regions  of  North  America,  and  those  m  the 
molasse  of  Cningen.  He  beHeves  consequently  that  these  deposits 
were  formed  in  a  climate  that  was  not  tropical,  and  in  this  compari- 
son he  also  introduces  Japan.  These  are  exactly  the  same  views  that 
were  already  published  in  my  work  on  '  The  Fossil  Mammalia,  Birds 
and  Reptiles,  from  the  Molasse  Marls  of  Oningen,'  which  work 
Agassiz  knew  before  his  journey  to  America.  In  that  work  I  have 
not  only  pointed  out  the  close  relation  which  the  tertiary  Cningen, 
without  renouncing  its  European  character,  still  bore  to  the  present 
North  America  and  Japan ;  and  also  came  to  the  conclusion  tnat  the 
tertiary  creatures  of  Oninffen  required  for  their  existence  a  climate 
not  at  all  warmer  than  Uiat  which  now  prevails  in  the  re^on  of 
Oningen,  so  that  the  assumption  of  a  tropical  climate  in  which  the 
anim^  of  the  molasse  have  lived,  is  anything  but  well  founded. 

In  Tinrler's  museum  at  Haarlem,  which  I  visited  in  August  1847> 
I  saw  the  beautifril  remains  of  the  Mastodon  found  at  Cningen, 


Digitized  by  VjOOQIC 


]Q  GEOLOGICAL  MEMOIRS. 

which  belong  to  the  Mastodon  anffustidens.  In  this  collection  there 
are  also  some  species  of  Tertebrata  not  hitherto  known  to  occur  in 
that  place,  and  the  first  specimen  which  I  saw  in  the  rich  collection 
of  Professor  van  Breda  was  a  new  rodent  from  Cuingen,  to  which  I 
have  given  the  name  of  Seiurus  Bredai.  In  Tayler's  museum  I  saw 
also  me  Anguisaurus  from  the  lithographic  slates  of  Solenhofen, 
assiuredlv  a  most  remarkable  creature  and  well  deserving  a  thorough 
description,  which  however  would  require  more  time  than  I  can  com- 
mand. It  seems  related  to  the  Pleurosaurus,  of  which  I  have  the 
middle  portion  of  the  skeleton  before  me,  and  perhaps  the  two  genera 
m^come  to  be  united. 

Whilst  residing  on  the  coast  of  the  North  Sea  in  Holland  and 
Belgium,  I  thought  mvself  transported  to  the  very  workshop  where 
the  marine  molasse  and  the  shell-sandstone  of  the  molasse  were  form- 
ing before  my  eyes.  The  dunes  are  an  analogous  formation ;  the 
sand  of  the  dunes  is  the  molasse  sand  of  historical  times  ;  the  simi- 
larity is  so  remarkable  that  it  only  reqiures  consoUdation,  in  order  to 
represent  the  molasse  sandstone  with  its  contents,  which  would  con- 
sist of  living  instead  of  extinct  species.  The  sand  of  the  dunes  rarely 
envelopes  moUusks  in  a  living  state ;  it  is  chiefly  the  shells  of  dead 
animals,  and  these  for  the  most  part  fractured,  broken  into  frag- 
ments or  rubbed  by  the  incessant  beating  of  the  waves.  The  beach, 
seen  during  the  ebb,  may  be  compared  to  a  great  extent  of  exposed 
strata,  on  which  remains  of  organisms  appear  in  various  places. 
Even  the  flame-Uke  distribution  of  colours  and  other  markings  on 
the  divisional  surfaces  of  rocks  may  be  partly  explained  by  the  de- 

Sosit  of  foam  from  the  waves.  The  manner  in  which  the  waves 
uring  the  ebb  of  the  retiring  sea  sport  with  the  fine  sand  on  the 
beach  is  very  interesting.  They  pve  it  a  wave-like,  variously  fur- 
rowed arrangement,  resembling  the  sculptured  markings  on  the  skull 
of  the  crocodile.  Similar  appearances,  and  no  less  regular,  occur  on 
the  surfaces  of  many  rocks  containine  petrifactions.  The  sea-shore 
may  also  convince  us  that  many  ^haenomena  in  the  fossiliferous 
rocks  have  their  cause  in  the  alternation  of  the  seasons, — a  phsenome- 
non  which  must  be  carried  further  back  in  the  history  of^the  earth 
than  our  theorists  imagine.  When  it  is  considered  for  example  that 
the  immense  profiision  of  fish  on  the  shores  of  the  Netherlands,  in 
summer  declines  to  absolute  poverty,  many  of  the  fish  then  seeking 
other  littoral  regions,  we  may  conceive  that  the  variation  in  the 
numbers  of  petnfactions  which  the  strata  of  one  and  the  same  for- 
mation present,  the  alternation  of  highly  fossiliferous  beds  with  others 
in  which  fossils  are  rare  or  entirely  wanting,  that  the  interruptions 
in  the  occurrence  of  species  by  beds  in  which  they  do  not  appear,  as 
well  as  the  diversity  in  fossils  which  is  observed  when  in  wiae-spiead 
formations  the  same  stratum  is  followed  to  distant  points,  may  in  part 
be  explained  by  the  alternation  of  seasons.  On  the  strand,  newly  ex- 
posed by  the  retiring  sea,  at  the  season  of  my  visiting  it,  I  rarely  found 
a  fish  ;  it  was  chiefly  moUusks,  sea-stars,  among  them  often  those  with 
four  rays,  prawns,  and  among  plants  fucoids,  that  were  left  behind. 
In  a  sand-hill  I  found  the  shell  of  a  crab  full  of  the  fine  sand,  and  in 
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the  best  way  to  become  a  petrifaction.  Even  the  more  frequent  oc- 
corrence  of  cetacea  in  certain  parts  of  the  molasse  formation  is  ex- 
plained by  the  fact  that  at  present  there  are  particular  parts  of  the 
sea-shore  where  cetacea  are  Tery  frequently  stranded;  Ostend  is 
such  a  locality.  There  whale-like  animals  are  of^en  thrown  on  shore ; 
amon^  others  the  monster  which  after  going  the  tour  of  Europe  as  a 
curiosity,  is  now  found  at  St.  Petersburg. 

[J.  N.] 


Results  of  an  Examination  of  the  Coal  Beds  on  the  Rhine, 
By  Professor  Goppert. 

[From  Uebenicht  der  Arbeiten  und  Veranderangen  der  Schlesischen  GeBellschaft 
fiir  Taterlandische  Kaltur  im  Jahre  1847,  p.  68.] 

It  might  well  be  supposed  that  the  peculiar  structure  of  the  stone- 
coal  obsenred  in  the  Silesian  mines  would  also  appear  in  other  ancient 
coal  deposits.  This  view  was  fully  confirmed  when  in  the  autumn 
of  1846  I  had  an  opportunity  of  examining  the  coal  strata  in  the 
district  of  Saarbruck,  near  Aix  la  Chapelle,  some  of  those  at  Liege, 
and  in  Westphalia.  I  everywhere  found,  exactly  as  in  Silesia,  though 
not  in  such  perfection  as  in  the  Nikolai  mines  in  Upper  Silesia,  that 
the  coal  contained  plants  visible  with  the  naked  eye,  Stigmariee, 
Lepidodendra  (especially  Lepidofloyos  laricinus),  and  Sigillanee ;  and 
in  the  pit  at  Norheim  near  Kreuznach,  for  the  first  time  even  a  fern 
(Cyatheites  arborescens,  mihi),  together  with  so  many  Calamites  be- 
longing to  the  Calamites  deeoratus,  that  I  thought  myself  almost 
entitl^  to  term  it  a  Calamite-coal. 

These  facts  give  that  completeness  to  the  circle  of  our  observations 
which  was  much  to  be  (lesired :  representatives  of  all  the  families  of 
plants  observed  in  the  coal  formation  have  now  been  fiund  in  the 
coal  itself.  From  Norheim  I  proceeded  towards  St.  Wendel,  visit- 
ing in  the  vicinity,  the  so-called  Zettow  mines  at  Matzweiler  and 
Urexweiler,  and  then  the  Mareschweiler  pits  and  the  carboniferous 
sandstone  and  limestone  quarries  of  the  district  between  St.  Wendel 
and  Ottweiler.  The  flora  of  the  Hmestone  quarries,  together  with 
the  limestone  itself,  exhibits  a  remarkable  similarity  to  the  Silesian 
and  Bohemian  deposits  which  appear  in  the  red  sandstone  between 
Wiinschelburg  in  Silesia  and  Braunau  in  Bohemia.  The  coal  of 
these  various  mines  was  pretty  uniform  in  character.  It  contained  a 
vast  quantity  of  minute  fragments  of  the  fibrous  coal  {Jraucarites 
mihi)  running  through  the  seams  in  every  direction,  and  much  pyrites, 
so  that  it  usually  appears  very  loose,  and  after  a  few  months  even 
crumbles  down. 

From  Ottweiler  I  went  to  Neuenkirchen,  the  vicinity  of  which  oc- 
cupied me  for  a  long  time; — the  Konigsgrube,  the  red  ironstone 
(heematite)  beds  of  the  Fuchsgrube,  the  vast  Quantities  of  clay  iron- 
stone collected  at  the  foundries,  in  particular  the  Lebach  ore  contain- 
ing fishes,  and  also,  though  the  fact  was  at  one  time  doubted,  plants; — 
the  excewiingly  interesting  Wellesweiler  mine  with  its  upright  stems, 
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in  which  the  distinct  character  of  the  coal  in  each  of  the  twelve 
seams  appeared  in  a  most  convincing  manner  (the  first  seam^  for  in- 
stance, was  throughout  rich  in  Sigillmse  and  Lepidodendra,  especially 
iSiatLepidofloyoM  taricinus;  the  Martin's  hed  in  SUgmarise) ; — the  small 
Querscheid  mines  with  the  Dechen  hed,  in  the  coal  from  which  Sigil- 
lariie  predominate  to  a  degree  not  seen  in  any  other  pit  in  the  whole 
Rhenish  mining  district,  and  strongly  recalling  the  Leopold  mine  near 
Omontowitz  in  Upper  Silesia.  From  this  I  proceeded  to  Saarbrack, 
where  the  Director  of  Mines  Sello  pointed  out  to  me  the  general  fea- 
tures of  the  coal  district,  and  where  in  several  collections  I  had  an 
opportimity  of  obtaining  more  precise  information  regarding  the  oc- 
currence of  the  fossil  pmnts.  1  then  returned  to  several  of  the  other 
mines,  in  particular  the  colossal  Gerhard  mines,  which  every  year 
Aimish  800,000  tons  of  coal,  and  in  which  the  Beust  seam  must  he 
designated  a  true  Stigmaria  coal,  containing  this  plant  in  immense 
and  almost  incredible  abundance ; — ^the  Leopold  pits,  in  which  in  a 
distance  of  60  fothoms  I  observed  fifteen  upright  stems,  chiefly  Sigil- 
larise,  so  that  in  this  place  a  whole  subterranean  forest  seems  to  lie 
huried.  The  Lehbach,  the  Crown  Prince  Friedrich  Wilhelm,  and 
the  Hostenbach  mines  are  remarkable  for  the  great  abundance  of 
fibrous  coal,  which  forms  whole  stems  almost  as  in  some  mines  in 
Upper  Silesia  near  Chelm,  and  Myslowitz  and  near  Krakan. 

After  completing  the  examination  of  the  Saarbruck  district,  ray 
attention  was  directed  to  the  coal-basin  round  Aix  la  Chapelle,  and 
particularly  that  on  the  Inde  near  Eschweiler  and  Stolberg,  where  I 
spent  sevend  days  studying  the  very  rich  collections  of  Director  Graser. 
This  collection  has  a  pecuhar  interest,  as  proceeding  entirely  from  one 
locality,  from  the  very  extensive  works  of  the  Centrum  mine.  It  con- 
tauis  perhaps  fifty  new  species ;  amongst  them  fifteen  new  ferns  of 
the  genus  Sphenopteris  alone,  several  with  that  kind  of  fruit,  which 
ten  years  ago  I  foretold  would  be  found,  though  then  scarcely  credited ; 
and  twelve  species  of  Sigillaria. 

A  very  remarkable  circumstance  in  this  coal-deposit  is  the  occur- 
rence of  Mytulites,  over  an  extent  of  several  hundred  &thoins.  On 
inquiring  about  the  existence  of  plants  in  the  coal,  I  was  shown  a 

Eiece  of  coal  with  Sigillaria,  as  the  only  instance  known  during  the 
ist  thirty  years.  Yet  I  succeeded  here,  just  as  in  all  other  places, 
where  I  was  met  with  doubts  of  the  possibility  of  finding  such  re- 
mains. After  I  had  shown  the  way  in  which  the  planes  of  stratifica- 
tion, especially  those  that  are  dull,  must  be  brought  under  the  eye  and 
examined  by  light  falling  on  them  in  various  directions,  it  turned  out 
here  as  in  other  places :  Stigmaria  Jicoidea  was  frequently  observed 
as  the  prevailing  plant,  and  Lepidodendra  and  Sigillariee  also  ap- 
peared in  sufficient  abundance. 

The  coal  in  all  the  pits  on  the  Worm  appeared  to  me  very  peculiar. 
The  structure  of  the  owd,  visible  with  the  naked  eye,  tends  to  disap- 
pear in  a  very  uniform  manner  in  all  directions.  Thus,  just  in  pro- 
portion as  the  Sigillariee,  Stigmarise  and  Lepidodendra  appear  more 
rarely  on  the  shining,  often  anthracitic-looking  coal,  so  also  the  re- 
mains of  Conifene  decrease ;  whilst  .the  so-called  fibrous  coal,  or  the 
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Araucarites  carbonarius,  is  in  a  remarkable  degree  more  rarely  met 
with  here  than  in  any  other  coal  with  which  I  am  acquainted.  The 
short  time  left  me  was  occupied  with  an  excursion  to  Belgium,  where 
at  liege  I  examined  the  coal-mines  situated  in  the  town  itself  (hnuil^ 
leres  de  Bellevue  k  St.  Laurent),  where  I  found  exactly  similar  con- 
ditions, beautiful  Lepidodendra,  as  in  the  Wellesweiler  mine. 

On  my  journey  home  I  visited  some  mines  in  Westphalia,  near 
Essen,  under  the  friendly  guidance  of  Herr  Heintzmann,  Councillor 
of  Mines  ;  all  of  which  showed  in  the  coal,  along  with  multitudes  of 
Stigmarise,  also  Sigillarise  and  Lepidodendra  in  more  or  less  abun» 
dance. 

When  we  now  reflect,  that  in  CTery  carboniferous  deposit  which 
I  have  had  an  opportunity  of  examining,  I  have  found  the  coal,  not 
as  has  hitherto  been  imiyersally  assumed,  and  as  Elie  de  Beaumont 
has  recently  maintained  in  his  Lectures  on  Geology,  a  more  or  less 
uniform  mass,  showing  no  trace  of  vegetation,  but  that  I  have  dis- 
tinctly recognized,  even  with  the  unaided  eye,  the  plants  that  have 
contributed  to  its  formation ; — ^it  becomes  more  than  probable  that 
the  same  thing  would  be  found  everywhere,  if  these  conditions  and 
the  way  and  manner  in  which  I  make  my  observations  were  only  at- 
tended to.  Differences  will  no  doubt  always  appear,  since  the  more 
or  less  perfect  preservation  of  the  structure  depends,  among  other  con- 
ditions, very  much  on  the  degree  of  decomposition  to  which  the  vege- 
tables had  already  attained,  before  they  were  protected  from  any 
further  waste  or  decay,  by  being  buried  between  layers  of  earth  and 
stone,  which  cut  off  all  access  of  the  air.  The  vegetables,  for  ex- 
ample, which  are  found  buried  in  the  coal-basin  on  the  Worm,  had 
made  further  progress  towards  decay  than  usual,  and  hence  the  rarity 
of  specimens  m  which  the  structure  is  well-preserved. 

[J.  N.] 


On  the  Relations  of  the  Gypsum  at  Lunebtjrg,  Segeberg,  and 
LiJBTHEEN.     By  C.  J.  B.  Earsten. 

[From  Monatsbericht  der  Akademie  der  Wissensch.  zu  Berlin,  1848,  p.  130.] 

The  masses  of  gypsum  at  the  localities  just  mentioned  are  anhydrite, 
which  has  been  partially  converted  into  gypsum  in  its  original  situa- 
tion. The  plutonic  formation  of  the  anhydrite  is  proved  by  its  rela- 
tion to  the  stratified  rocks,  which,  in  consequence  of  the  elevation  of 
the  anhydrite,  have  also  been  brought  nearer  to  the  surface  of  the 
earth.  It  is  also  confirmed  by  the  character  of  the  matter  with  which 
the  fissures  in  the  gypsum  are  filled.  This  matter  shows  in  all  the 
three  localities  the  same  relations  and  the  same  chemical  composition. 
It  consists  of  a  crystalline,  sometimes  cC^mpact,  sometimes  granular, 
sometimes  slaty,  bituminous  mixture  of  finely  pulverized  silicate  of 
alumina,  of  carbonate  of  lime  and  carbonate  of  magnesia,  in  very  different 
proportions.  These  combinations  of  the  carbonates  are  very  distinct 
from  the  composition  of  the  dolomite  from  which  they  may  have  origi- 
nally been  produced.     The  muschelkalk,  which  at  Luneburg  is  raised 
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to  the  surface  in  highly  inclined  strata,  contains  the  carbonate  of  mag- 
nesia, not  mixed  with  the  carbonate  of  lime,  but  in  the  condition  of  a 
true  dolomite.  The  change  of  the  muschelkalk  into  dolomite  b 
always  the  more  complete  the  nearer  the  limestone  approaches  to  the 
fissure  through  which  the  anhydrite  has  been  eleyated.  The  higher 
strata  contain  only  a  small  proportion  of  dolomite,  which  has  not 
essentially  altered  their  character,  which  in  the  yidnity  of  the  fissure 
was  entirely  destroyed. 

The  peculiar  nature  of  the  matter  filling  the  fissures  in  the  masses 
of  gypsum  at  Sphere  and  Lubtheen  leads  to  the  conclusion  that 
the  anhydrite  on  its  elevation  must  also  have  broken  through  bedi 
of  limestone,  and  partially  changed  them  into  dolomite,  ajfthoudi 
these  strata  have  not  been  forced  up  to  the  surfisLce,  as  has  actuimy 
occurred  at  Luneburg.  From  the  disposition  of  the  beds,  and  from 
the  nature  of  the  matter  in  these  fissures,  it  further  appears  that  the 
mass  of  gypsum  now  exposed  must  have  reached  the  surfiMse  after 
the  tertiary  formations  were  deposited.  On  the  other  hand,  the  me- 
chanical disturbances  which  the  beds  of  the  inferior  rocks  have  under- 
gone, and  the  chemical  alterations  of  the  limestone  strata  which  come 
more  immediately  into  contact  with  the  fissure  of  elevation,  probably 
belong  to  a  very  much  earlier  period  than  that  of  the  elevation  of 
the  amiydrite,  which,  as  the  nature  of  the  matter  filling  the  fissures 
shows,  has  taken  place  slowly  and  probably  with  interruptions. 

[J.  N.] 


Mud  of  the  Nile. 

Ths  following  analysis  of  the  mud  of  the  Nile,  by  M.  Lassaigne 
(Joum.  de  Pharm.  t.  v.  p.  468),  is  more  recent  and  complete  than 
that  given  by  Lieut.  Newbold  firom  R^;nault,  in  the  last  number  of 
the  Quarterfy  Journal  of  the  Society*^. 

Silica   42-50 

Alumina 24*25 

Magnesia 1  *05 

Peroxide  of  iron 13*65 

Carbonate  of  lime   3*85 

Carbonate  of  magnesia   1  '20 

Humic  acid 2*80 

Water 1070 


10000 
•  VoL  iv.  p.  341. 
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Description  of  the  Orthacanthtjs  Dechenii.   By  Dr.  Goldfuss. 

[From  Beitrage  zor  vorweltlicben  Fauna  des  Steinkohlengebirges.    Bono,  1847.] 

The  skeleton  figured*  was  found  in  a  slab  of  reddish-coloured,  slaty 
limestone,  from  a  bed  in  the  carboniferous  sandstone  of  Ruppersdorf 
in  Bohemia,  and  presented  by  its  discoverer,  Herr  y.  Dechen,  Di- 
rector of  Mines,  to  the  museum  of  our  university.  It  lies  on  the  belly 
with  the  lefl  side  a  little  turned  up,  so  that  the  right  side  appears 
shortened.  The  tail  is  broken  off  behind  the  ventral  fin,  and  the 
lenfi;th  thus  far  is  fifteen  inches  Rhenish.  The  slab  over  the  whole 
outline  of  the  animal  and  for  an  inch  beyond  has  a  red  colour,  so  that 
the  form  of  the  body  is  shown,  as  it  were,  by  a  shaded  outline. 
The  head,  the  vertebral  column,  the  pectoral  and  pelvic  arches  are 
covered  with  vitreous,  rounded  quadrangular,  granular  scales  (JTfir- 
nerschuppen),  pushed  over  each  other.  The  head  has  a  semi- 
circular outline,  which  seems  abo  to  correspond  to  the  large  opening 
of  the  mouth,  since  on  the  right  side  numerous  remains  of  broken 
teeth  are  seen  all  round.  Behind  the  probable  termination  of  the 
lower  jaw  the  head  suddenly  contracts  about  a  fourth.  On  the  ante- 
rior portion  behind  the  obtuse  snout,  two  conical  cavities  are  visible, 
which  appear  to  open  out  forwards,  and  hence  may  be  considered  to 
be  nostrils.  On  the  other  hand,  no  trace  remains  of  the  cavities  for 
the  eyes.  A  straight  spine  is  rooted  in  the  neck,  and  is  4  inches 
7  lines  long,  and  3 lines  broad  at  the  root.  It  has  no  articulation  at 
the  base,  is  smooth  on  the  anterior  surface,  tho^h  slightly  cracked, 
and  on  the  posterior  side  is  enclosed  in  the  stone,  "nie  vertebral  column 
shows  indistinct  spinous  processes,  whence  it  may  be  deduced  that  it 
was  imperfectly  ossified.  From  it,  as  far  down  as  the  pelvis,  nu- 
merous, short,  straight  ribs  proceed,  which  are  inclined  backwards, 
and  at  the  thin  end  are  often  bent  in  various  directions,  and  seem  to 
consist  of  a  single  series  of  granules.  The  scapular  arch  on  each 
side  is  formed  by  a  bone  5  lines  broad,  which  is  curved  inwards,  di- 
rected backwards,  and  has  a  knee-shaped  angle  on  the  posterior  third 
of  its  outer  margin.  This  mar^  is  covered  thus  far  with  fin-rays 
which  are  formed  of  two  altematmg  series  of  osseous  granules  (Knock- 

*  In  tab.  5.  fig.  9-11  of  the  aDdve  work. 
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enkemen).  The  anterior  rays  are  very  short  aod  thin,  the  succeeding 
ones  increase  in  length  and  thickness.  Immediately  before  the  knee- 
shaped  angle  there  arises  a  carpal  ray,  distinctly  articulated,  turned 
backwards,  and  3  inches  8  lines  long.  On  its  outer  side  it  has  seven- 
teen thick,  strong  rays,  much  divided  externally,  and,  as  a  remarkable 
peculiarity,  also  on  the  inner  side  a  smaller  number  of  weaker  rays 
divided  in  a  similar  manner  towards  their  point. 

The  pectoral  fins  had  consequently  a  great  extent  and  an  anomaloiis 
{abweichende)  structure. 

The  pelvic  arch  is  less  distinctly  preserved.  A  broad,  short  bone 
proceeds  obliquely  forwards  from  the  spinal  column,  and  attached  to 
it  is  the  knee-shaped  tarsal  ray  turned  backwards,  which  with  its 
numerous  fin-rays,  attached  on  the  exterior  side,  and  likewise  much 
divided  towards  the  point,  forms  a  large  fin.  Whether  the  bundle 
of  fibres  (seen  in  the  figure)  extending  from  the  vertebral  column  to 
the  knee-shaped  angle  mdicates  a  bone,  and  whether  this  belongs  to 
the  right  or  left  ventral  fin,  cannot  be  ascertained.  Remains  of  the 
former,  however,  are  apparently  indicated  between  the  vertebral 
column  and  the  carpal  ray. 

Close  behind  the  jpelvis,  opposite  the  ventral  fin,  are  situated  the 
remains  of  a  dorsal  fin  composed  of  nimierous  rays.  The  body  being 
broken  off  at  this  point,  it  is  uncertain  whether  there  was  also  a 
second  dorsal  fin. 

It  is  thus  evident  that  this  skeleton  belongs  to  a  cartilaginous  fish, 
with  a  semi-ossified  vertebral  column,  of  the  order  of  Selachii, — a  fish 
which  from  the  breadth  of  its  head  and  pectoral  fins,  and  the  small 
thickness  of  its  body,  resembled  the  living  genus  Squatina.  But  as 
it  is  probable  that  the  opening  of  the  mouth  corresponded  to  the 
circumference  of  the  heacC  and  as  the  carpal  ray  of  the  pectoral  fin 
is  furnished  with  fin-rays  on  its  inner  side  also ;  its  alliances  can 
only  be  sought  for  among  extinct  genera,  of  which,  so  far  from  any 
completely  preserved  skeleton  having  as  yet  been  found,  in  general 
the  teeth  and  the  cervical  spine  form  the  only  basis  of  comparison. 
The  numerous  fragments  of  small  teeth,  lying  along  the  rignt-hand 
margin  of  the  head,  render  it  probable  that  there  were  several 
rows  of  them.  The  anterior  teeth  are  larger  than  those  placed 
farther  back,  so  that  the  form  of  some  of  them  can  still  be  recog- 
nized'". When  magnified,  it  is  seen  that  from  each  root  three  coniod 
points  arise,  a  large  one  in  the  middle,  with  a  smaller  one  on  each 
side.  They  are  slightly  compressed  firom  within  outwards,  so  that 
the  interior  side  appears  flatly  convex,  the  outer  side  almost  flat. 
Both  sides  are  longitudinally  furrowed  and  covered  with  a  shining 
enamel.  In  fi^.  10  a  f,  several  broken  teeth  lie  above  each  other,  of 
which  the  one  m  front  seems  to  have  four  points  ;  in  fig.  b  the  inner 
convexity  is  shown  ;  in  fig.  c  the  more  flat  external  side.  Similar 
teeth  characterise  the  genus  Hybodus  (Agass.  I.e.  p.  178.  tab.  22. 
a.  24),  but  its  cervical  spine  is  very  different  from  that  of  the  present 

*  See  fig.  10  of  original. 

t  Tab.  5  of  4he  original  Memoir. 
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genus.  This  is  situated  at  the  extremity  of  the  head,  and  no  trace 
appears  hehind  it  of  the  rays  of  a  dorsal  fin,  of  which  it  might  have 
formed  the  commencement.  The  root  which  was  huried  in  the  flesh 
is  not  renewed  (verjUngi  sick  nicht),  but  the  whole  spine  gradually 
increases  in  thickness  from  the  point  to  the  basis,  is  quite  straight 
cylindrical  and  smooth  on  the  anterior  surface,  whereas  the  spines  of 
the  Hybodus  are  compressed,  curved  backwards,  striated  on  the  root 
and  fmrrowed  on  the  lateral  faces.  In  order  to  observe  the  characters 
of  the  posterior  surface  of  the  spine  which  was  hid  in  the  stone,  a 
portion  of  it  was  dug  out  and  an  impression  taken  of  the  uninjured 
nirrow  in  which  it  lay.  Thb  showed  an  elevated  central  line,  with 
minute  points  at  alternate  intervals  on  each  side  of  it,  indicating  small 
spines.  These  are  not  placed  close  to  the  central  line,  but  at  some 
dostance  from  it  on  the  mai^ins*,  whereas  in  all  the  known  Hybodus* 
spinesy  they  i4)proximate  so  closely  towards  the  upper  extremity  as 
to  form  only  a  single  row.  There  is  also  no  indication  of  a  second 
spine  at  the  commencement  of  a  posterior  dorsal  fin,  as  seems  to  have 
been  the  case  in  the  Hybodus.  On  the  other  hand,  the  spine  of  this 
fish  has  the  most  perfect  similarity  to  a  li^^  spine  from  the  coal 
formation  of  Manchester,  which  Agassiz  (iii.  tab.  45.  fig.  7-9)  has 
distinguished  generically  under  the  name  of  Orthacanthus  cylindricus. 
It  must  ther^ore  be  conjoined  with  the  genus  Orthacanthus,  but 
forms  a  distinct  species  of  scarcely  half  the  size,  characterized  by  a 
spine  of  one-third  the  thickness  and  by  the  distance  of  the  smaller 
teeth  from  the  middle  line. 

The  discovery  of  this  fish  not  only  enriches  the  fauna  of  the  coal 
formation  with  a  new  species,  but  completes  our  knowledge  of  the 
genus  Orthacanthus,  of  which  the  following  are  the  characters  : — 

Mouth  large,  corresponding  to  the  circumference  of  the  head,  with 
several  rows  of  small,  numerous,  three-pointed,  slightly  compressed, 
longitudinally  furrowed  teeth. 

Instead  of  the  first  dorsal  fin^  a  single,  straight,  flattened,  cyhn- 
drical,  subulate  {platter^  drehrunder pfriemenformiger)  spine,  which 
has  on  the  posterior  side,  at  a  little  distance  to  the  right  and  left  of 
a  raised  middle  line,  a  row  of  fine  spines. 

The  second  dorsal  Jin,  opposite  the  ventral  fin,  without  a  spine. 

Pectoral  fins  lateral,  large,  with  a  long,  articulated  carpal  ray  di- 
rected backwards,  and  ftimished  with  fin-rays  on  its  inner  and  outer 
sides. 

Ventral  fins  moderately  large,  with  a  similar  tarsal  ray,  which, 
however,  has  fin-rays  only  on  the  outer  side. — [J.N.] 


2.  Memoir  on  the  Test  of  Trilohites  and  on  some  accidental  Distor- 
tions of  its  Form  ;  with  Notes  on  some  Species  from  Brittany. 
By  M.  Marie  Rouavlt. 

[Bull.  Soc.  Geol.  France,  2nd  scries,  vol.  vi.  p.  67.] 

The  information  in  this  paper  may  be  considered  supplementary  to 
the  author*  s  former  communication  on  the  *'  Silurian  Fossils  of  firit- 

*  See  fig.  11.  pi.  5.  of  the  original. 
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tany/'  an  abstract  of  which  appeared  in  vol.  iv.  part  2,  p.  35  of  the 
Quarterly  Journal  of  the  Geological  Society. 

The  comparatiTe  amonnt  of  ^careous  matter  in  the  test  of  Trilo- 
bites,  and  the  shells  of  Mollusks,  may  certainly  be  determined,  where 
the  Bulphuret  of  iron  has  been  abundant,  as  at  Angers  and  PoHgne, 
by  the  amount  of  this  mineral  replacing  it,  since  at  certain  spots,  such 
as  Couy^e,  where  there  has  been  a  paucity  of  the  sulphuret^  the  lime 
is  found  in  corresponding  quantity,  or  if  the  test  or  shell  was  corneous, 
it  has  been  replaced  by  sulphate  of  barytes. 

Among  the  very  few  genera  which  appear  to  hare  had  a  consider- 
able quantity  of  odcareous  matter  in  their  test : — 

Calymene  and  Phacops  offer  either  the  original  calcareous  test,  in 
which  case  these  fossils  are  very  difficult  to  disengage  from  the  matrix ; 
or  the  sulphuret  of  iron. 

Ogygia  and  IlUenus  break  out  with  ease  from  a  block  of  stone,  and 
show  a  yamished  or  lustrous  surface :  these  do  not  present  any  sul- 
phuret of  iron  (except  when  the  mineral  has  been  overabundantV  but 
Ogygia  and  Nileus*  often  have  sulphate  of  barytes  replacing  them. 

A  new  Orthis,  of  the  '  arcuato-striata*  group,  figured  imder  the 
name  O.  Berthoisii,  Rouault,  appears  to  have  had  shelly  matter  only 
at  the  beaks,  since  these  haye  not  undergone  distortion,  are  difficult 
to  disengage  from  the  stone,  and  show  either  carbonate  of  lime  or 
iron  pyntes ;  the  rest  of  the  shell  has  been  pressed  into  every  pos- 
sible form,  is  easily  disengaged  from  the  rock,  and  presents  no  py- 
rites. The  surface  of  the  slate  immediately  round  the  shell  is  gene- 
rally smooth  and  lustrous  for  some  little  distance,  which  the  author 
thinks  may  be  due  to  the  animal  matter  pressed  out  of  the  shell : 
this  surface  is  generally  covered  by  sulphate  of  barytes. 

Some  of  the  Trilobites  of  the  clay-slate,  preserved  in  the  museum 
of  the  "  Jardin  des  Plantes,"  are  next  examined  critically. 

The  fine  species  of  which  Brongniart  figured  a  portion  as  Ogygia 
Desmaresti  is  here  reproduced  under  the  name  of  O.  Brangniarti, 
Rouault,  and  figured  of  full  size.  It  is  distinguished  from  all  described 
species  by  marked  characters  of  breadth  and  proportions  of  the  parts ; 
and  from  O.  Edwardsi,  a  new  species  also  figured  here,  by  some  dif- 
ferences of  proportion  more  minute,  and  less  easOy  recognisable.  The 
following  four  species  are  characterised  by  the  relative  proportions  of 
length  and  breadth  in  the  head : — 

Length.  Breadth. 

O.  Brongniarti  1  34 

O.Edwardsi 1  2| 

O.  Buchii   1  2 

O.Guettardi 1  1^ 

The  author  finds  that  in  this  genus — in  proportion  as  the  form  of 
the  species  is  rounder  and  less  elliptical — the  length  of  the  three  por- 
tions, head,  thorax  and  abdomen,  become  more  nearly  equal ;  and  by 
pursuing  this  clue,  he  is  enabled  to  restore  with  great  probability  of 
correctness  the  entire  animal,  and  has  done  so  in  his  figure.  The 
proportions  borne  by  the  head  and  abdomen  to  the  length  of  the 
'^  Of  the  author;  it  is  more  probably  /A^ciim#.— [J.W.S.] 
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thorax  being  nearly  uniform  throughout  a  genus,  assist  him  very 
much  in  the  restoration  from  fragments.  He  finds  that  Ogygia  has 
the  body  nearly  equally  divided  into  three— the  middle  of  the  length 
being  between  the  4th  and  5th  segment ;  while  in  Calymene^  Honm- 
lonotus  and  Paradoxides,  the  thorax  occupies  more  than  half  the 
entire  length,  the  centre  being  at  the  6th  segment ;  in  Illtenua  it  is 
between  the  5th  and  6th.  In  Asaphus  and  Nileus  it  is  between  the 
4th  and  5th ;  in  Trinucleus  at  or  above  the  1st. 

Again,  in  Ogygia  the  greatest  width  of  the  oval  body  is  in  the 
centre,  or  between  the  4th  and  5th  segment. 

By  all  these  observations  of  the  species  he  is  guided  to  the  same 
result,  and  therefore  believes  that  the  restoration  he  has  given  is  not 
only  correct  in  the  present  instance,  but  may  form  the  basis  of  future 
restorations  where  fragments  only  exist ;  and  even  where  slaty  distor- 
tions may  have  altered  the  original  form  entirely,  the  relative  pro- 
portions will  still  remain  intact. 

Abbreviating  a  Httle,  O.  Brongniarti  is  thus  described : — 
"  Slightly  oval ;  the  width  rather  greater.     Head  crescent-shaped, 
3^  times  as  wide  as  long.     Glabella  wide,   short,  only  |ths  the 
length  of  the  buckler,  with  two  shallow  furrows  radiating  inwards 
from  the  upper  angle  of  the  eye,  one  obUquely  upwards,  the  other 
horizontal.     Cheeks  flat,  triangular,  not  separated  from  the  gla- 
bella.    Eye  large,  homy,  with  1000  or  1200  verv  fine  lenses  at 
least.     Palpebral'  continuous  with  the  glabella.    Facial  suture  pa- 
rallel (within)  to  the  front  margin  for  some  distance,  then  sharply 
turning  round  backwards  to  the  eye,  and  thence  outwards  to  the 
very  end  of  the  cheek  before  it  curves  inwards  again  to  cut  the 
posterior  margin. 
'*  Thorax  wide ;  8  segments,  oblique  and  curved  back  at  the  ends ; 
pleurae  once  and  a  half  the  width  of  the  axis,  with  diagonal  fur- 
rows. 
**  Tail  (as  restored)  wider  than  semicircular,  with  a  broad  conical  axis, 
and  a  margin  only  moderately  wide." 
The  characters  of  O.  Fdwardn,  Rouault,  are  given : — 
**  Oval,  less  elongate  than  O.  Buchiu     Head  semicircular,  2^  times 
as  wide  as  long ;  margin  and  posterior  spines  much-dilated,  and 
covered  with  &ie  striae  ;  glabella  longer  than  broad,  without  fur- 
rows, convex  in  front,  the  convexity  continued,  but  narrower,  to  the 
faint  neck-furrow  ;  cheeks  small,  flat. 
"  Eyes  and  facial  suture  nearly  as  in  O.  Brongniarti,  the  suture  less 
parallel  to  the  edge  in  front.     ^Thorax  one-third  wider  than  long ; 
8  joints,  each  with  a  gently  curved  diagonal  furrow,  and  obliquely 
pointed  and  curved  back  at  their  ends.     Tail  with  wide  lateral 
lobes,  the  axis  of  18  joints  (with  a  backward  notch  in  each),  late- 
ral lobes  8-ribbed ;  border  concentrically  striate." 
He  endeavours  to  show  that  Ogygia  had  the  thorax-joints  soldered, 
and  not  therefore  capable  of  bending  or  of  sUpping  under  each  other, 
although  they  were  not  so  firmly  united  as  to  resist  the  lateral  dis- 

*  A  useful  term  for  the  upper  lunate  plate  which  covers  the  eye  in  most  Tri- 
lobites. 
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placement  which  the  movements  in  the  slaty  rocks  have  given  rise  to, 
and  which  movements  he  considers  to  have  been  sharp  and  violent 
shocks,  which  have  broken  the  testaceous  species ;  while  such  as  had 
only  a  corneous  covering  (most  Trilobites)  were  bent  and  distorted, 
elongated,  shortened,  or  laterally  squeezed,  according  to  the  position  of 
the  fossil,  and  direction  of  the  shock. 

He  describes  and  figures  these  displacements  in  HUenus  pi^oHteus, 
Burm.,  from  Aneers ;  which  he  calls  I,  Deamareati,  and  enters  into 
an  argument  to  show,  that  as  Guettard's  figures  consist  only  of  tliis 
species  and  Cal^mene,  and  as  Brongniart  refers  them  to  his  genera 
Ogygia  and  Caiymefie,  he  must  have  intended  by  his  O.  Desmaresti 
some  of  the  specimens  of  the  TlUenus.  Brongniart*s  description,  too, 
contains  references  to  the  entire  form ;  he  says, ''  une  fois  et  demie 
plus  longue  que  large ;  "  which  he  could  not  have  drawn  from  his 
own  figured  specimen,  but  which  would  asree  well  with  Guettard's 
figures  of  Ill€enus  under  his  eye.  The  author  would  therefore  take 
away  from  Brongniart' s  species  the  diagnosis,  and  the  fi^re  by  which 
it  is  illustrated  (and  which  he  admits  to  be  a  good  ^fpxre  of  the  Ogygia)  ^ 
and  transfer  the  name,  and  so  much  of  the  description  as  will  agree 
with  it,  to  Guettard*s  HUsnuSt  under  the  above  name ;  giving  to  the 
Ogygia  the  new  name  O.  Brongmarii, 

Some  additional  notes  are  given  on  Trinucleus,  first  with  reference 
to  the  propriety  of  Burmeister's  division  of  Trilobites  into  those  which 
have,  and  those  which  are  deprived  of  the  power  of  rolling  up,  as  he 
believes  that  in  this  genus  both  divisions  may  be  found  ;  T.  gratiM- 
latus  having  the  thorax-joints  all  soldered,  while  in  T,  Pongerardi 
the  rolling  is  evident,  and  even  twic^  upon  itself— a  condition 
more  complete  than  in  any  other  Trilobite.  He  mentions  also  that 
Green  in  1832  showed  that  T.  teaselatus  could  bend.  He  also  goes 
over  the  history  of  the  genus,  and  points  out  that  Wahlenbei^  Green 
and  Corda  describe  the  fringe  without  understanding  its  true  structure, 
the  nearest  approach  to  a  true  description  of  it  being  found  in  the 
"  Silurian  System,"  where  the  name  "  Treta^s,'*  or  perforated  shell, 
is  spoken  of  as  appropriate  for  it.  Beyrich,  in  1846,  had  called  the 
points  '  alveoli,'  and  Barrande  ^  points.'  He  then  refers  to  his  own 
previously  published  account  of  its  true  nature  as  a  hollow  double 
crust,  perforated  by  cylinders  of  shell,  previously  given  in  the  "  Bulle- 
tin,'*  and  proposes  T.  Pongerardi  as  the  type  of  the  genus. 

A  new  species  of  Calymene^  C.  AragOy  aUied  to  C.  BlumenbachU^  but 
the  tail  with  a  many -jointed  axis  and  smooth  sides,  is  described  and 
figured.— [J.W.S.] 

On  the  Natron  Lakes  in  the  Plain  of  the  Araxes. 
By  Prof.  H.  Abich. 

[Prom  Bull  de  TAcad.  de  St.  P^tersboorg,  vol.  v.  p.  117.] 

One  of  the  least  important  of  these  lakes  occurs  about  two 
wersts  from  the  Armenian  village  Tasch-burun  (Stone-nose)  at  the 
extremity  of  the  extensive  lava-mass,  which  in  one  of  the  most  recent 
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periods  of  Tolcanic  actmty  in  this  district,  has  burst  forth  from  aline 
of  distinctly  marked  eruption-cones  of  considerable  size  at  the  north- 
west foot  of  the  Greater  Ararat,  which  seem  as  it  were  to  push  the 
declivities  of  the  mountain  forward  into  the  plain.  The  extent  of 
the  lake  is  such,  that  the  water-fowl  frequenting  it  are,  when  in  the 
middle,  beyond  gun-shot  from  any  side.  It  contains  a  weak  solution 
of  common  salt  along  with  that  mixture  of  Glauber-salt  and  carbonate 
of  soda,  which  effloresces  from  the  marly  clays,  that  form  the  soil  of 
tlie  plain,  wherever  artificial  irrigation  has  not  been  introduced,  and 
a  more  or  less  vigorous  vegetation  of  Gramineae,  heaths  and  soda- 
plants,  been  established. 

In  the  warmest  season  of  the  year  the  water  of  the  shallow  lake 
retires  three  or  four  feet  from  its  usual  banks ;  on  which  a  crust  of 
salt  a  few  feet  broad  and  about  half  an  inch  thick  is  then  deposited* 
It  forms  an  irregular  crystalline  mass  of  porous  cubes  of  common 
salt,  the  lamellae  and  spaces  between  which  are  filled  with  the  saline 
mixture  just  mentioned.     It  has  in  general  a  pale  rose-red  colour. 

The  water  taken  from  the  lake  in  the  end  of  October  contained  in 
100  parts  93*34  water  and  6*66  solid  anhydrous  salt.  Analysis 
showed  the  latter  to  consist  of — 

Sulphate  of  soda  (Na  S) 10*36 

Carbonate  of  soda  (NaC)  1471 

Chloride  of  sodium  (NaCl«)  7461 

Hence  100  parts  of  the  fluid  contain  only  2*63  per  cent.  Na  S  + 
10  H  and  1*78  per  cent.  Na  C  +  10  H. 

The  composition  of  the  salt-crust  deposited  in  the  warm  season  I 
foimd  to  be — 

Carbonate  of  soda  (Na  C)  22*91 

Sulphate  of  soda  (Na  S) 16*05 

Chloride  of  sodium  (Na  Cl«)  51*49 

Water  9*88 

Magnesia   traces. 

By  dissolving  and  recrystallizing  I  obtained  natron  mixed  with 
Glauber-salt,  which  by  repeated  crystallization  formed  fine  crystals. 

Other  lakes,  very  remarkable  both  for  their  geolo^cal  relations  and 
the  salt  they  contain,  lie  to  the  south-east  of  the  Little  Ararat.  On 
this  side,  and  exactly  in  the  direction  of  the  longer  axis  of  the  svstem 
of  Ararat,  the  Little  Ararat  has  at  one  time  opened  about  half-way 
up  in  a  fissure  and  spread  out  over  its  gentle  acclivities  towards  the 
plain  of  the  Araxes,  that  gigantic  flood  of  dolerite,  which  pushes  far 
down  into  the  basin  of  Nachitschevan.  Its  principal  branch  follows 
a  valley  that  opens  in  a  south-eastern  direction,  on  the  right  side  of 
the  Araxes,  between  a  rocky  chain  of  hills  named  Gusgundag  (i.  e. 
Hill  of  the  Sun's  eye,  because  it  lies  to  the  south),  and  a  group  of 
mountains  which  surround  in  a  large  semicircle  the  Little  Ararat  on 
the  south  and  south-west,  until  it  disappears  entirely  below  the 
colossal  lava-covering  of  the  Camijarach,  the  greatest  of  all  the 
secondary  eruption-cones  of  the  Ararat  system. 
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In  this  rather  extensiTe  valley,  the  hottom  of  which  is  only  partiallT 
filled  with  the  immense  streams  of  lava,  which  have  issued  from  the 
Little  Ararat  and  the  beaatiful  secondary  eruption-cone  of  the  Dajirdag 
on  its  lower  declivities,  a  number  of  small  lakes  occur,  in  a  white 
clayey  formation,  which  rests  immediately  on  the  horizontal  surface 
of  the  lava  currents,  which  appear  partially  depressed  in  a  singular 
manner  ;  whilst  the  borders  of  the  streams  are  formed  by  a  continuous 
series  of  wildly  tom-up,  long-extended  swellings,  similar  in  form  and 
freshness  of  aspect  to  those  I  had  seen  on  the  large  lava  streams  at 
the  foot  of  ^tna. 

One  of  these  lakes,  remarkable  for  the  red  colour  of  its  waters, 
rendered  more  intense  by  contrast  with  the  white  ground  enclosing  it, 
had  attracted  my  attention  in  a  high  degree  when  on  the  top  of  the 
Little  Ararat.  It  lies  on  the  left  side  of  the  valley,  which  there  expands 
like  an  amphitheatre  close  under  the  steep,  terraced  precipices  of  the 
highest  pomt  of  the  Gusgundagrotte,  which  consists  of  various  mem- 
bers of  the  old  red  sandstone,  of  dolomites  and  metamorphic  slates  of 
the  transition  formation,  enclosing  limestone  with  spinier  and  pro- 
ductus — violently  dislocated  and  heaved  up  by  the  red  quartziferous 
porphyry  which  appears  in  great  extent  and  in  veir  interesting  geo- 
lo^cal  relations  in  the  interior  of  the  valley.  In  July  1845,  I  visited 
this  lake,  which  is  from  one  to  two  wersts  in  circuit.  In  crossing  the 
white  clayey  soil,  covered  with  a  luxuriant  vegetation  of  reeds  and 
reed-Uke  srasses,  a  strong  alkaline  odour,  Hke  that  felt  on  entering 
a  soap-boiler's  workshop,  was  perceived.  A  broad  zone  of  this  snow- 
white  soil,  so  soft  that  the  feet  sunk  in  it,  formed  the  margin  of  the 
lake,  and  was  covered  with  an  accumulation  of  irregular  lump-like 
incrustations  of  a  very  compact  salt,  of  a  white  colour  inclining  to 
red,  and  with  a  foliated  fracture.  These  saline  crusts  lay  all  around 
the  white  shore  of  the  lake,  chiefly  floating  in  the  water ;  some  frag- 
ments broken  off  floated  about  like  ice-shoals  on  the  deep  red  surface 
of  the  lake,  which  had  quite  the  aspect  of  water  almost  on  the  point 
of  congealing. 

On  examining  the  bottom  of  the  flat  lake-basin,  so  far  as  the 
difficult  access  to  the  shore  would  allow  us  to  do  with  long  Cossack 
spears  tied  together,  I  found  it  covered  with  a  similar  saline  crust, 
which  was  quite  continuous,  and  appeared  to  increase  with  the  di- 
stance from  the  shore  in  such  a  manner  as  left  no  doubt  that  a  layer 
of  salt  several  inches  thick  extends  over  the  whole  bed  of  the  lake. 

These  crusts  have  a  high  specific  gravity  and  a  very  remarkable 
structure.  They  consist  of  a  very  compact,  intimately  connected 
aggregate  of  diverging  (scopiform)  bundles  of  crystals,  like  some 
varieties  of  radiating  zeolite,  whose  dull,  rounded  extremities  form  the 
roughly  mammillated  surface  of  the  crust.  On  the  cross  fracture  the 
thidc  rind  shows  distinctly  a  whole  series  of  such  thin  crystalline 
layers,  firmly  interwoven  with  each  other.  The  fractured  surfaces  of 
this  interesting  salt  show  a  strong  pearly  lustre,  whilst  its  colour  is 
exactly  that  of  the  carbonate  of  maneanese-protoxide.  The  curious 
colouring-matter  of  the  saturated  solution  which  fills  the  lake,  has 
concentrated  itself  in  a  dark-red  coating  on  the  horizontal  divisions. 
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and  also  on  the  under  surface  of  the  crust  where  it  adheres  to  the 
clay  bottom. 

The  salt  mentioned  above  as  floating  on  the  surface  of  the  water  is 
only  distinguished  from  that  just  described  by  less  compactness  in  the 
nnion  of  the  layers  which  are  scarcely  a  line  in  thickness,  and  being 
separated  from  each  other  by  small  horizontal  spaces,  have  a  more 
laminar  aspect.     It  is  also  nearly  pure  white,  with  a  pale  rose-red 


be  salt  from  the  bottom  of  the  lake  had  the  following  composi- 
tion : — 

Sulphate  of  soda  (Na  S) 7444 

Carbonate  of  soda  (NaC)    1842 

Chloride  of  sodium  (Na  Cl«)  192 

Water  118 

Manganese  and  magnesia    traces 

98-96 

This  salt  ignited  in  the  platina  capsule  retained  its  crystalline  cha- 
racter and  pearly  lustre  to  the  point  of  fusion,  but  assumed  the  colour 
of  chloride  of  silver.  It  requires  a  continuous  and  strong  ignition 
over  the  spirit-lamp  to  cause  it  to  fuse. 

The  salt  from  the  surface  of  the  lake  had  this  composition  :  — 

Sulphate  of  soda 80*56 

Carbonate  of  soda    16*09 

Chloride  of  sodium  1*62 

Water  0*55 

Magnesia  and  Manganese    traces 

98-82 

The  almost  entire  absence  of  water  of  crystallization,  as  well  as  the 
physical  peculiarities  of  these  salts,  are  remarkable  facts,  and  show 
that  the  sulphate  and  carbonate  of  soda  in  the  anhydrous  condition 
can,  in  favourable  circumstances,  combine  in  a  double  salt.  The 
combination  is  not  subject  to  deliquescence,  and  it  would  appear  has 
no  tendency  to  attract  moisture,  for  masses  of  it  placed  for  a  long 
time  in  damp  situations  yield  no  more  water  than  those  previously 
exposed  to  a  strong  heat.  The  affinity  of  the  two  salts,  conducing 
to  the  formation  of  an  anhydrous  double-combination,  must  be  stronger 
in  the  given  conditions  than  that  of  water  to  either  ;  for  in  no  place 
could  any  other  crystallizations  be  discovered  in  the  fluid.  Hence 
this  salt  forms  in  reality  a  new  mineral  species,  most  nearly  allied  to 
the  Thenardite,  and  which  might  not  inappropriately  be  named  Ma- 
kite,  as  the  lake  is  situated  in  the  territory  of  the  Chan  of  Maku. 

The  water  of  the  lake  itself  has  entirely  the  colour  of  a  concen- 
trated solution  of  sulphate  of  manganese-protoxide*.     In  100  parts 

•  The  peculiar  colonring  principle  is  not  known  to  me  at  present.  I  have  ex- 
amined it  for  Bromine,  but  without  finding  any  trace  of  this  substance.  I  would 
conjecture  that  it  is  some  vegetable  matter. 

VOL.  v. PART  II.  E 


Digitized  by  VjOOQIC 


30  GEOLOGICAL  MEMOIRB. 

it  contains   30*63   of  a  mixture  of  salts  in  the  following  propor- 
tions:— 

Sulphate  of  soda 18'18 

Car  Donate  of  soda    12*08 

Chloride  of  sodium 69'73 

Traces  of  magnesia  and  a  Uttle  manganese. 

On  my  retutn  to  my  quarters  between  the  Great  and  Little  Ararat, 
part  of  a  bottle  contaimng  the  solution  became  filled  with  beautiful 
crystals  of  Glauber-salt,  which  only  partially  again  dissolved  in  the 
higher  temperature  of  the  Araxes  plam. 

In  the  immediate  vicinity  of  these  red  lakes  a  number  of  small 
pools  occur  on  the  same  level,  distinguished  by  the  absence  of  all 
salt-crusts  and  by  the  wine-yellow  colour  of  their  alkaline  waters. 
These  small  lakes  are  true  reservoirs  of  carbonate,  of  soda,  and  thus 
undoubtedly  the  most  interesting  pheenomenon  of  this  singular 
locality. 

This  alkaline  solution  contained  in  100  parts  34*70  parts  of  a  salt 
with  the  following  composition : —  ^ 

Carbonate  of  soda    6890 

Sulphate  of  soda 15*55 

Chloride  of  sodium 15*50 

In  the  bottle  containing  a  quantity  of  this  solution,  a  tabular 
crystalline  mass  of  carbonate  of  soda,  occup3ring  nearly  the  whole 
volume  of  the  fluid,  formed  in  the  same  circumstances  as  in  the 
saturated  solution  of  Glauber-salt  mentioned  above. 

Two  or  three  wersts  from  these  lakes,  in  the  prolongation  of  the 
valley,  where  it  expands  into  the  plain  of  the  Araxes,  two  other  lakes 
of  considerable  size  occur.  The  larger,  with  an  area  of  five  or  six 
square  wersts,  extends  even  beyond  the  vallev,  the  widest  part  lying 
in  the  plain.  These  lakes  much  resemble  that  of  Tasch-bnnm,  but 
in  a  solution  of  equal  strength  the  amount  of  Glauber-salt  and  car- 
bonate of  soda  is  greater  than  in  the  latter. 

The  existence  of  these  lakes  as  perennial  receptacles  of  water 
depends  evidently  on  the  Rarassu-sprmgs,  which  issuing  from  below 
the  lava,  form  small  reedy  marshes,  and,  uniting  their  waters  in  broad, 
shallow  hollows,  expose  an  extensive  surface  to  rapid  evaporation. 
The  lake  of  Tasch-burun,  which  has  no  outlet,  probably  originate  in 
the  same  cause,  acting  at  the  bottom  of  the  basm.  There  can  be  no 
doubt,  that  within  the  district  occupied  by  these  lakes,  an  immense 
quantity  of  Glauber-salt  and  soda  b  a  soUa  form  as  an  anhydrous  salt, 
could  be  collected  in  a  short  time  and  at  a  comparatively  small 
expense.  J.  N. 
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Index  paubontologicus,  or  Review  of  all  knottm  Fossil  Orffonisms, 
prepared  with  the  Cooperation  of  Prof.  H.  R.  Goppert  and 
H.  V.  Meyer,  by  Dr.  H.  G.  Bronn  (pder  Uebersicht  der  bis 
jezt  bekannten  fossilen  Orffanismen,  unter  Mittvirkung  der 
Herren  Prof.  H.  R.  Goppert  und  H.  v.  Meyer  bearbeitet,  von 
Dr.  H.  G.  Bronn). 

This  work  forms  the  third  volume  of  *  The  Histoiy  of  Nature '  by 
Professor  Bronu,  the  well-known  author  of  the  '  Lethsea  geogno- 
stica '  and  other  works  on  fossil  geology.  It  is  divided  into  two 
parts,  of  which  one,  under  the  title  of  "  Nomenclator  paleeonto- 
logicus,"  gives  a  list  of  all  known  names  of  fossils  in  alphabetical 
order.  The  other  part,  entitled  ''Enumerator  palseontolo^cus," 
contains  the  species  classed  in  systematic  order,  with  indications  of 
the  formations  in  which  they  occur,  thus  forming  a  "  history  of  the 
appearance  of  the  individual  organic  beings  on  the  surface  of  the 
globe."  The  preparation  of  such  a  work,  as  the  author  remarks,  is 
subject  to  many  difficulties,  especially  in  the  determination  and  com- 
parison of  the  organic  remains  described  by  different  persons  in  dif- 
ferent places,  and  in  the  synchronizing  and  grouping  of  the  various 
geological  deposits  in  which  they  occur.  The  very  partial  and 
limited  investigation  of  the  different  formations  of  the  earth's  crust 
compared  to  their  entire  extent,  is  also  a  great  obstacle  to  rendering 
such  a  work  perfect. 

The  second  part  of  the  work,  or  the  systematic  arrangement, 
occupies  a  volume  of  726  pages.  Each  genus  is  classed  in  its  proper 
place  under  the  great  naturd-historical  divisions  of  the  animal  and 
vegetable  kingdoms.  The  specific  names  follow,  but  sddom  syste- 
matically arranged,  being  more  eenerally  classed  according  to  the 
order  of  the  formations  in  which  they  occur,  beginning  with  the 
more  ancient.  The  following  may  be  considered  as  the  gaieial  plan 
of  the  work.  Each  page  is  divided  into  eight  columns,  of  which  the 
first  contains  the  names  of  the  fiunilies,  genera  and  spedes,  distm- 
guished  by  difference  of  type,  the  higher  cUvisions  being  repeated  at 
Uie  top  of  each  page.  The  second  column  marks  the  region  of  the 
globe  in  whidi  Uie  spedes  occursy  the  five  quarters  being  designated 
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I.  CarboniferousPeriod^ 


by  letters,  and  the  different  zones  in  them  by  numbers  attached. 
Tlie  six  remaining  columns  are  appropriated  to  the  various  forma- 
tions, of  which  he  adopts  the  following  periods  and  subdivisions  : — 

Lower  Silurian. 

Upper  Silurian. 

Devonian. 

Mountain  limestone. 

Coal  formation. 

Lower    New    Red    Sandstone 

{Todtliegende), 
Magnesian     limestone     (Zedi- 

stein). 
St.  Cassian  beds. 
Bunter  or  Variegated  sandstone, 
Muschelkalk. 
Keuper,   or  Upper  New   Red 

Sandstone. 
Lias. 

Lower  Jurassic. 
Upper  Jurassic. 
Wealden. 
Neocomian. 
Greensand. 
Chalk. 

Nummulite  formation. 
Lower  Tertiary. 
Middle  Tertiary. 
(Molasse.) 
Upper  Tertiary. 
Diluvial. 
Alluvial. 
Living. 


IL  Trias  or  Salt  Period.  •« 

III.  Oolitic  Period    . . . 

IV.  Cretaceous  Period 


V.  Tertiary  or  Molasse- 
Period. 


VI.  Recent  Period    .... 


Some  of  these  divisions  do  not  represent  formations  chronologi- 
cally distinct,  but  are  introduced  only  provisionally  from  uncertainty 
as  to  the  true  position  of  the  beds  included  in  them.  Others  again 
should  probably  be  further  divided,  though  the  want  of  precision  in 
the  nomenclature  and  divisions  of  various  authors  renders  this  at 
present  impossible.  Thus  the  St.  Cassian  beds,  A,  are  kept  separate 
until  it  is  determined  whether  they  form  a  distinct  chronological 
formation  between  the  Zechstein  and  Muschelkalk,  and  hence  pro- 
bably better  following  t,  or  are  merely  a  pecuUar  facies  of  the  Mu- 
schelkalk. In  the  ooUtic  series  no  further  subdivision  between  the 
lias  and  the  Kimmeridge  clay  could  be  effected ;  and  though  it  was  at 
first  attempted  to  place  a  hmit  between  the  Oxford  clay  and  the 
coral  rag,  tnis  had  subsequentlv  to  be  given  up  from  the  multitude 
of  common  species.  The  Wealden  is  kept  separate,  some  geologists 
regarding  it  as  only  the  lacustrine  aspect  of  the  Neocomian.  In  the 
latter,  9,  the  lower  greensand  of  Dr.  Fitton  is  included,  but  his  green- 
sand  from  Blackdown  is  united  with  the  greensand  r.     This  forma- 
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tion,  howeyer,  presents  many  difficulties,  so  that  a  true  and  certain 
arrangement  is  scarcely  possible.  The  Nummulite  strata  are  also 
kept  distinct,  though  tne  author  has  no  doubt  of  their  true  position 
in  the  eocene  tertiaries.  The  Molasse,  v,  is  placed  between  the  middle 
and  upper  tertiaries,  its  yertebrata  corresponding  more  to  the  lower, 
its  shells  to  the  higher  position. 

The  following  table,  which  we  haye  drawn  up  from  these  lists,  con- 
tains an  approximation  to  the  number  of  known  fossil  species  in  each 
of  the  great  diyisions  of  the  yegetable  and  animal  kingdoms.  Many 
of  these  are,  howeyer,  duplicates,  which  on  a  thorough  reyision  of 
the  different  families  would  require  to  be  suppressed.  Prof.  Bronn 
thinks  that  in  the  inyertebrate  classes  the  known  species  are  perhaps 
a  fifth  fewer  than  the  names  in  his  list. 

Yegetabilia. 

Plantae  cellukres 773 

Plantee  yasculares. 

Monocotyledones 1 138 

Dicotyledones 725 

Organa  pUmtammy  ^c 34 

Plantarum  summa    2670 

Animalia. 
Phytozoa. 

Pseudozoa 2 

Amorphozoa 462 

Polygastrica 672 

Polypi. 

Polythalamia 893 

Bryozoa 810 

Anthozoa    825 

2528 

Entozoa    0 

Acalephse 43 

Echinodermata. 1 189 

Incert€S  classis 5 

4901 

Malacozoa. 

Grymnacephala 1 

Brachiopoda 952 

Rudistae 194 

1146 

Pelecypoda. 

Monomya   1066 

Dimya 3650 

4716 

Pteropoda 41 

Heteropoda 85 

Protopoda    120 

Grasteropoda 6110 

Cephalopoda    1452 

F  2  13,671 
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Entomocoa. 

Vermes 288 

Cnutacea 894 

Myriapoda   17 

Aracbnoidea , 131 

Hexapoda 1551 

2881 

Spondjlozoa. 

Pisces   1318 

Reptilia    384 

Aves 148 

Mammalia    705 

2555 

Animaliam  summa 24,008 

The  total  number  of  fossil  species  enumerated  in  this  portion  of 
the  treatise  therefore  amounts  to  26,678.  In  the  continuation  of  the 
work,  the  author  intends  to  present  the  general  geoloffical  and  zoolo- 
gical conclusions  derived  from  this  view  of  the  periods  at  which  the 
various  races  of  organic  beings  first  appeared  on  the  globe.   [J.  N.] 

Notes  on  Trilobites.  By  M.  Barrandb. 
[From  Haidioger's  Berichte  von  Freunden  der  Natur,  in  Wien,  voL  iv.  p.  3&3.] 
Whilst  investigating  the  Bohemian  trilobites,  M.  Barrande  has 
come  to  the  conclusion  that  no  good  classification  of  this  family  has 
yet  been  proposed.  The  division  according  to  the  peculiarities  of 
the  eyes,  as  wrought  out  by  Goldfuss,  Quenstedt  and  others,  though 
based  on  an  important  character,  is  yet  too  artificial,  and  has  too 
Uttle  regard  to  the  diversity  of  other  organs.  Burmeister  has  selected 
the  capability  of  rolling  tnemselves  up,  as  the  basis  of  his  highest 
divisions ;  but  M.  Barrande  by  careful  search  has  succeeded  in  find- 
ing individuals  of  all  species  of  trilobites,  even  those  said  not  to 
possess  this  power,  rolled  up,  and  consequently  this  distinction  fails. 
The  classification  in  Corda's  work  on  the  Bohemian  trilobites  is 
founded  on  a  character  of  small  importance  in  r^ard  to  the  entire 
organization  of  the  animal,  namely  on  the  peculiarity  of  the  caudal 
plate  {Pygidium)  as  either  entire  or  divided  on  the  marsin.  By  this 
classification,  species  of  one  and  the  same  genus  are  placed  in  two 
distinct  sections  of  the  family ;  as  for  example,  Pkacops  stelUfer  is 
distin8;uished  by  no  character,  except  the  divisions  of  the  tail,  from 
the  other  species  of  Phacops  in  which  it  is  entire  on  the  margin.  M. 
Barrande  thinks  that  a  good  classification,  on  which  M.  L.  von  Buch 
is  said  to  be  at  present  engaged,  will  only  be  possible  when  a  greater 
number  of  speaes  are  known  ;  and  recommends  spedal  research  to 
be  made  for  them  in  localities  where  they  abound. 

The  largest  Bohemian  species  known  to  him  is  the  Par^utoxidei 
Linnei,  which  attained  a  foot  in  length.  One  of  the  largest  species 
is  the  Asaphua  nobilis,  which  is  also  remarkable  for  the  scvdptunng  of 
its  shell. 

An  interesting  peculiarity  of  many  species  of  Od<mtopleuray  par- 
ticularly O.  Buchii  and  Keyteriinffii,  is  that  some  incuviduals  are 
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distinctly  narrower  than  the  others,  with  which  they  perfectly  agree 
in  all  other  respects.  M.  Barrande  is  inclined  to  re&r  this  distmo- 
tion  to  difference  in  sex,  the  narrower  specimens  being  males,  the 
broader  females.  * 

The  same  genns,  Odantopleura,  shows  the  care  necessary  in  form- 
in^  new  speaes ;  almost  every  indiridual  has  a  different  number  of 
spmes  on  the  tail,  so  that  this  forms  no  ground  for  distinguishine 
species.  Even  the  nature  of  the  stone  in  which  they  are  imbedded 
produces  remarkable  differences :  thus  in  the  slates  all  the  projecting 
ridges,  &c.  are  pressed  flat ;  in  the  quartzites,  on  the  contrary,  they 
preserve  the  same  prominence  as  dunng  the  lifetime  of  the  animal. 

The  compound  eyes  are  in  many  specimens  singularly  well  pre* 
Berwed,  In  the  eye  of  a  Brontes  paii/er  M.  Barrande  counted  nearly 
30,000  lenses.  [J.  N.] 

Ohaervatuma  on  the  Relation  between  the  Mineral  Character  of  the 
different  Formations   and  their   Vegetable  Productions,      By 

M.  J.  DUROCHER. 

[Comptes  Rendiu,  torn,  xxvii.  p.  506.] 

In  the  course  of  the  many  years  that  I  have  been  engaged  in  ex- 
amining the  west  of  France,  I  have  observed  numerous  facts  regard- 
ing the  influence  of  the  mineral  nature  of  the  different  formations  on 
the  development  of  plants,  of  which  the  following  are  a  few : — 

In  an  agricultural  point  of  view,  the  formations  composing  the 
BubsoO  of  Brittany  and  the  neighbouring  districts  may  be  divided, 
without  r^arding  their  geolo^od  age,  into  five  classes :  1 .  granite 
and  crystalline  schists  (of  granitic  elements)  ;  2.  clay  slates  and  grey- 
wackes ;  3.  quartzite  or  sandstone,  and  quartzose  scnists  ;  4.  tertiary 
deposits  of  an  argillaceous-gravelly  or  pebbly  nature ;  5.  calcareous 
formations.  In  another  respect  three  great  agronomique  divisions 
may  be  formed :  1 .  cultivated  ground  and  meadows  ;  2.  the  forests  ; 
and  3.  the  landes.  During  my  geolocrical  studies  I  have  determined 
the  manner  in  which  the  hmdes  and  forests  are  distributed  over  the 
surface  of  these  various  formations.  I  have  remarked  that  in  Brit- 
tany and  the  surrounding  countries  they  are  generally  confined  to  two 
kinds  of  formations — to  the  argillaceous-pebbly  tertiary  deposits,  and 
more  especially  to  the  quartzite  and  quartzose  schists.  The  latter 
variety  of  soil,  though  comparatively  it  does  not  occupy  a  very  large 
extent  of  surface,  stSl  in  many  departments  presents  a  greater  extent 
of  landes  and  forests  than  all  the  other  formations  conjomed.  Landes 
and  forests  are  also  occasionally  observed  on  granite,  principally  in 
Morbihan ;  but  they  are  less  frequently  seen  on  the  clayslate  and 
greywacke,  and  very  rarely  on  the  calcareous  formations. 

The  peninsula  of  Brittany  presents  four  zones  well-characterized  by 
their  geognostic  and  agricultural  characters:  a  httoral  zone,  com- 
prising the  two  coasts  north  and  south,  formed  chiefly  of  granite  and 
crystailine  schists;  secondly,  a  central  zone  composed  of  day  slates  and 
greywackes,  sprinkled  with  a  few  tertiary  de{M)sits ;  and  lastly,  the 
two  zones  that  separate  this  central  band  from  the  coasts,  consisting 
of  quartzose  rocks,  intermixed  with  schists  and  some  granite  masses. 


Digitized  by  VjOOQIC 


36  GEOLOGICAL  MEMOIRS. 

The  littoral  region  is  the  most  fruitful  in  grain  and  the  most  densely 
peopled,  both  from  its  fertility  and  on  account  of  its  maritime  com- 
merce and  fisheries ;  then  follows  the  central  zone,  possessing  the 
largest  extent  of  meadows,  and  yielding  the  greatest  amount  of  dairy 
produce;  the  two  intermediate  zones,  formed  chiefly  of  quartzose 
rocks,  are  inferior  in  population  and  in  fertility ;  they  are  the  r^on 
of  landes  and  forests,  m  which  all  the  iron  furnaces  are  grouped 
together. 

It  is  principally  in  the  eastern  part  of  Brittany  that  a  large  extent 
of  landes  is  found  on  the  argillaceous-gravelly  and  pebbly  tertiary 
deposits.  South  of  the  Loire  they  all  occur  on  these  deposits^  that 
country  containing  no  quartzose  rocks  ;  and,  I  may  add,  most  of  the 
forests  of  Normandy  and  Maine  cover  either  the  tertiary  or  quartzite 
formations.  That  much  wood  and  landes  occur  on  the  tertiary  de- 
posits arises  in  general  from  the  very  are;illaceous  nature  of  these  for- 
mations, which  are  too  compact,  and  difficultly  traversed  bj  water, 
or  even  wholly  impermeable.  Many  of  the  soils  that  cover  the 
quartzites  show  the  same  influence,  being  also  very  argillaceous; 
though  there  are  some  with  no  argillaceous  beds,  when  frequently 
the  soil,  composed  almost  entirely  of  siliceous  detritus,  is  too  poor, 
too  dry,  and  thus  with  the  contrarv  defect  to  that  just  now  men- 
tioned. This  occasionally  occurs  on  tne  top  of  hills  formed  of  granite. 
The  landes  observed  on  the  quartzose  or  granitic  formations  are  cod- 
stantly  on  high  ground  ;  whilst  those  covering  the  tertiary  deposits 
are  fmuently  in  low  situations. 

In  the  west  of  France  the  kind  of  cultivation  and  the  species  of 
plants  growing  naturally  vary  from  one  formation  to  another.  The 
most  striking  oifTerences  are  caused  by  the  sandy  or  clayey  nature  of 
the  soil,  by  me  presence  of  calcareous  matter  eitner  existing  naturally 
or  introduced  artificially,  and  finally  by  the  complex  influence  of  the 
vicinity  of  the  sea.  The  schistose  formations  and  the  argillaceous 
tertiary  deposits  showHhe  greatest  extent  of  pasture-land  and  those 
beautiful  meadows  which  charm  the  eye  by  their  perpetual  verdure, 
thanks  to  the  humidity  of  the  soil ;  but  they  are  less  adapted  for  fat- 
tening homed  cattle  than  the  argillo-calcareous  soils,  where  the  pas- 
ture is  more  rapidly  restored,  and  which  produce  a  greater  variety  of 
plants,  especiaUy  dicotyledons. 

The  culture  of  buckwheat  extends  universally  over  every  part  of 
western  France  that  is  composed  of  ancient  rocKS,  and  consequently 
presents  granitic,  argillaceous  or  siliceous  soils.  Much  less  buck- 
wheat is  produced,  and  the  cultivation  of  wheat  and  other  plants,  re- 
garded as  exhausting  to  the  soil,  is  extended  in  the  regions  where  the 
activity  of  vegetation  can  be  promoted  by  the  use  of  lime,  as  chalk, 
marl,  shell  or  other  calcareous  sands,  and  thus  in  the  maritime  zone 
or  near  the  limestone  formations.  When  quitting  Brittany,  we  enter 
the  plains  or  plateaux  of  Normandy,  in  which  the  secondary  lime- 
stones crop  out,  the  cultivation  of  the  buckwheat  is  seen  at  once  to 
cease,  and  the  aspect  of  the  country  undergoes  a  complete  change. 
The  undulating  surface  of  Brittany  is  divided  into  an  infinite  number 
of  minute  fields,  separated  by  ditches  and  hedges  so  covered  with 
trees  that  the  country  seems  to  the  eye  hke  an  immense  forest.     On 
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the  other  hand,  the  secondary  limestones  form  very  level  plateaux, 
with  extremely  little  wood ;  and  the  trees  too  are  of  a  different  kind ; 
the  oak  and  chestnut,  which  abound  in  the  fields  in  the  ancient  for- 
mations, being  replaced  by  the  elm.  A  similar  change  may  be  ob- 
serred  in  the  small  limestone  basins  which  occur  in  Brittany  and  on 
parts  of  the  coast.  In  the  same  manner  as  the  elm,  the  maple  (Acer 
campeatre)  and  the  walnut  are  more  developed  on  the  calcareous  soil ; 
the  birch,  the  willow,  the  oak,  and  the  chestnut  thrive  better  on  the 
argillaceous  and  siliceous  formations.  The  maritime  pine  is  cultivated 
with  success  on  the  same  soils,  even  in  the  most  interior  localities ; 
the  beech  appears  to  prefer  the  granitic  soils.  The  furze  (JJlex  euro- 
p€Bud)  and  broom  {Sarothamnua  seoparius)  grow  spontaneously,  or 
are  cultivated  on  the  older  formations,  but  not  on  the  limestone  soils. 
The  colza  (colewort)  and  tobacco  flourish  in  some  parts  of  the  littoral 
region,  and  the  lucerne  also  succeeds  there.  In  like  manner,  as  on 
the  calcareous  soils  in  the  interior,  the  peat-mosses  in  the  west  occur 
principally  in  its  low  lands. 

Among  the  plants  growing  spontaneously,  few  can  be  cited  as  ex- 
clusively characteristic  of  the  schists,  the  sandstones,  or  the  granites^ 
though  many  are  found  on  one  soil  rather  than  on  another,  fiie  vege- 
tation of  the  argillaceous  or  siliceous  tertiary  deposits  also  offers  ^w 
peculiarities  when  compared  with  that  of  the  primary  or  transition 
formations.  The  most  striking  contrast  is  between  the  flora  of  the 
calcareous  soils  and  those  soils  which  do  not  contain  lime  in  notable 
quantity  ;  but  these  differences  are  becoming  less  sensible,  as  calca- 
reous substances  are  more  generally  applied  to  improve  the  soil.  A 
certain  number  of  plants  are  focmd  both  in  the  maritime  region  and  on 
the  few,  small,  calcareous  deposits  occurring  in  Brittany,  but  rarely 
or  almost  never  on  other  formations :  among  these  are  Linum  angusti- 
foliumj  Silene  inflata,  8.  gallica,  8.  otitea,  S.conica,  Reseda  lutea, 
Aaperula  cynanchia.  Ononis  repens,  AnthylW  vulneraria,  Poterium 
sanguisorba,  Eryngium  campestre,  8cabiosa  arvensis,  Anehusa  italica, 
Linaria  minor,  L.  supina.  Salvia  verbenaca,  Erigeron  acre,  Thesium 
humifttsum,  Chlora  perfoliata.  Iris  foetidissima,  &c.  Certam  plants 
which  differ  from  the  former  in  appearing  not  to  suit  the  maritime 
region^  grow  exclusively  on  calcareous  soils,  or  are  more  frequent 
there  than  in  other  places.  Such  are  the  Orchis  pyramidalis,  O, 
hircina,  Ophrys  apifera.  Op,  aranifera,  Lepidium  campestre,  Thlaspi 
perfoliatum,  Diplotaxis  muralis,  Dianthus  carthusianorum,  lAthO' 
apermum  officinale,  Helianthemum  vulgare.  Astragalus  glycyphyllos, 
Medicago  marginata,  M.  Gerardi,  Hippocrepis  comosa,  Scabiosa 
columbaria,  Stachys  germanica,  8.  annua,  Galeopsis  ladanum.  Gala- 
mint  ha  acinos,  Melampyrum  cristatum,  Cichorium  inthybus,  Gen- 
iaurea  scabiosa,  and  many  other  species.  In  general  the  soils  cover- 
ing the  tertiary  or  Jurassic  limestones  appeared  to  present  a  greater 
number  of  characteristic  plants  than  the  soils  lying  on  the  paleeozoic 
limestones  or  on  the  marbles,  undoubtedly  because  the  latter  being 
less  friable  have  yielded  less  detritus  to  the  vegetable  soil. 

The  influence  of  the  Umestone  formations  shows  itself  even  on 
animal  life.  It  manifests  itself  in  the  development  of  freshwater  and 
terrestrial  shells.     So  also  the  crabs  abound  in  many  of  the  rivulets 
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n  the  districts  containing  limestone  rocks,  whilst  it  is  rare  to  find 
them  in  other  formations  where  the  running  water  appears' to  be^in- 
capable  of  fiimishing  these  crustaceans  with  an  amount  of  calcareous 
matter  sufficient  for  the  formation  of  their  integument.  Analogous 
considerations  may  perhaps  contribute  to  explain  the  absence  or  raritj 
of  testaceous  animals  in  certain  geological  formations.         [J.  N.] 


Oh  a  new  Pyrenean  Type  parallel  to  the  Chalk.  By  M.  Lsymkris. 

[Comptes  Rendat,  torn.  zxriiL  p.  738-740.] 

Tbis  formation  has  been  particularly  studied  near  Monl^cm  and 
G^nsac,  between  the  Hautes-Pyr^nees  and  Haute-Graronne,  where  the 
fossils  are  abundant  and  easily  collected,  but  extends  oyer  the  whole 
breadth  of  the  latter  department.  In  these  localities  it  usually  occu- 
pies the  sides  of  hills,  tne  summits  of  which  consist  of  j^e  tertiary 
formations.  It  is  composed  of  yellowish  and  grey  maiiA  and  marij 
limestones,  resting  on  a  white  limestone  with  very  few  fossils,  and  is 
of  moderate  thickness.  The  strata,  badly  characterized,  in  genenl 
dip  irregularly  towards  the  north.  In  regard  to  its  geological  position, 
it  IS  placed  between  two  systems  ;  the  lower  composed  of  limestones 
and  black  slates,  with  conical  orbitolites  and  caprodnae  (calcaire  h 
DieSratee,  Dufrdnoy) ;  the  upper  the  terrain  h  nummulites  or  ipi- 
erStacS. 
Its  fossils  have  been  carefiilly  studied.     In  forty-two  well-marked 

rsies,  twenty-five  are  new ;  the  remaining  seventeen  belong  to  almost 
the  chalk-beds  from  the  craie  ehlaritie  to  the  upper  Maestricht 
chalk.  The  chief  species  of  the  lower  chalk  are,  Oatrea  lateralis, 
Nilsson  ;  Terebratula  alata,  Lamk. ;  Ammonites  Lewesiensie,  Sow. ; 
Baculites  anceps,  Lamk.  Those  indicating  the  common  white  chalk 
are,  Ananchytea  ovatx^  (^v-)*  Lamk. ;  Peeten  atriatocoatatua,  Goldf. ; 
Spondylua  Duten^lejitiay  d*Orb. ;  Oatreav  eaieularia,  Lamk. ;  0. 
Larva,  Lamk. ;  Tereoratula  alata,  Lamk.  Lastly,  a  very  marked 
analogy  with  the  chalk  of  Maestricht  is  indicated  by  the  following 
fossils : — Hemipneuatea  radiatua,  Agass. ;  Theeidea  radiata,  Def. ; 
Natica  rttgoaa,  Han. ;  Pecten  atriatocoatatua,  Oatrea  veaicularia  and 
O.  Larva.  These  fossils  are  not  disposed  in  groups  according  to  their 
supposed  antiquity,  but  occur  mixed  together  at  all  vertical  heights. 
The  ammonites  and  baculites,  indeed,  are  found  only  in  the  lower 
beds,  but  along  with  fossils  of  the  white  and  even  of  the  Maestricht 
chalk. 

A  remarkable  palseontolorical  paradox  is  the  presence,  as  common 
and  characteristic  fossils  in  me  lower  part  of  the  marly  ^stem,  of  the 
Terebratula  Venei,  Leym.  and  the  Oatrea  lateralis.  Nils.,  species 
which  occupy  a  no  less  important  place  in  the  department  of  the 
Aude,  in  the  middle  of  a  fauna  essentially  tertiary. 

A  prodigious  quantity  of  discoidal  orbitolites  found  in  several  places, 
characterise  this  formation  as  a  Mediterranean  type  ;  but  not  even  a 
single  nummulite  has  been  as  yet  discovered  in  it,  that  fossil  being 
confined  exclusively  to  the  superior  system.  [J.  N.] 
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Some  considerations  on  Paljsontological  Statics,  drawn  up 
from  the  '  History  o/ Nature'  (Geschichte  der  Natur),  or  Index 
Pal€eontologictts.     By  Professor  H.  6.  Bronn. 

(From  Leonhard  and  Bronn's  <  Neues  Jahrbuch,  Jahrgang  1849/  p.  123.) 

Four  years  ago  Professor  Goppert  published  a  report  in  the  *  Jahr- 
buch  *  (1845,  pp.  415-418),  on  the  present  state  of  our  knowledge 
of  fossil  plants.  This  was  an  extract  from  his  contribution  to  the 
Index  Paleeontologicus  of  our  *  History  of  Nature,*  in  which,  how- 
ever, some  additions  have  subsequently  been  embodied,  to  which  we 
have  regard  in  what  follows.  The  zoological  portion  of  this  treatise 
was  completed  two  years  ago,  and  the  printing  (extending  to  130 
sheets)  is  also  finished ;  so  Siat  we  are  now  able  to  give  a  general 
review  of  the  whole,  in  the  four  following  tables,  which,  however, 
are  not  so  detailed  as  in  the  above  place,  and  also  require  some  fur- 
ther illustration.  We  will  therefore  endeavour  to  extract  a  few  of 
the  most  essential  results  from  out  the  sea  of  figures. 

In  the  Enumerator  paleeontologicus,  which  forms  the  second  part 
of  the  Index,  we  have  enumerated  the  genera  (Sippen)  and  species 
(^Arten)  of  fossil  bodies,  according  to  the  geological  periods  and  for- 
mations in  which  they  occur,  under  five  larger  or  more  extensive, 
and  in  twenty-four  smaller  or  more  limited  heads,  of  which  the  first 
are  marked  with  I — V.  and  the  second  with  a — x.  These  signs  are 
more  fully  stated  in  the  table  below,  and  in  the  following  pages  will 
often  be  used  for  the  sake  of  brevity  to  designate  the  Afferent  for- 
mations. 


I.  Carboniferoos 
Period. 


II.  Triaa 
Period. 


III.  OoUte   IV.  Greta- 
Period,      ceous  Per. 


V.  Tertiary  Period. 


VOL.  V. — PART  II. 
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There  is  still  some  uncertainty  about  the  right  arrangemeDt  of 
several  rock  formations.     A  Tery  considerable  number  of  species  are 
enumerated  by  Phillips  as  common  both  to  the  Devonian  and  Ctr- 
boniferous  formations,  being  quoted  from  the  one  in  his  *  Geology 
of  Yorkshire/  from  the  other  in  his  *  Palaeozoic  Fossils.'     The  St. 
Cassian  beds  are  placed,  according  to  the  former  state  of  our  know- 
ledge, under  the  head  A,  and  in  II.  or  the  Trias  period,  on  the 
boundary  of  I.  or  the  Carboniferous ;  whereas  accordmg  to  the  most 
recent  geological  investigations  they  come  above  the  Muschelkalk  or 
k  ;  and  the  only  undecided  question  is,  whether  they  should  be  con- 
joined to  this  as  its  higher  division  with  a  peculiar  aspect  {Fades) 
— as  a  coral-reef  variety— or  must  be  r^arded  as  the  oldest  mem- 
ber of  the  Lias  formation,  since  they  contain  two  or  three  lias  ammo- 
nites, whereas  the  other  petrefactions  rather  favour  the  Muschelkalk. 
The  red  ammonite-marbles  are  joined  to  the  lias,  although  now  they 
appear,  at  least  in  part,  rather  to  fall  under  the  oolite  series  n ; 
whilst  the  ammonite-marbles  with  Terebratula  diphya  are  included 
as  Neocomien  under  q ;  it  being  still  undecided  whether  the  Tere- 
bratula diphya  may  not  be  divided  into  two  species  of  distinct  age. 
— In  regard  to  the  Oolite,  in  very  many  cases,  it  was  not  possible, 
from  the  existing  data,  to  determine  with  sufficient  certainty  the 
member  of  the  formation  in  which  this  or  that  organic  remain  oc- 
curred; and  hence  almost  the  entire  oolite  series,  from  the  Has  to 
the  Kimmeridge  clay,  had  to  be  comprised  under  one  head  marked 
ft,  although  in  many  cases  where  it  was  possible,  the  subdivisions  of 
this  formation  are  more  particularly  distinguished  in  the  Enumerator 
(as  n*,  n\  &c.). — Some  English  rossils,  which  are  included  under 
the  Greensand  [Gault]  r,  should  perhaps  be  added  to  the  Neocomien, 
as  in  England  geologists  have  only  recently  begun  to  distinguish  these 
two  formations.     On  the  other  hand,  it  is  probable  that  some  Glau- 
conie  beds  f\  with  their  organic  remains,  especially  from  Grermany, 
have  been  conjoined  with  the  Greensand  (Gault),  the  two  formations 
having  hitherto  been  often  confused ;  the  latter  also  probably  con- 
tains a  number  of  species  common  to  it  with  the  Chalk  fy  wmch  in 
reality  do  not  occur  in  both.     Some  time  ago  it  became  customary 
to  distinguish  from  the  other  deposits  a  peculiar  nummuHte  formation, 
which  had  immediately  to  be  again  divided  into  two  or  three  forma* 
tions  of  distinct  ages,  of  which  two  are  placed  between  the  white 
Chalk  and  the  Calcaire  grossier  (Grobkalk),  so  that  the  one  shall  be- 
long to  the  cretaceous,  the  other  to  the  tertiary  period.     Besides, 
there  is  in  the  Etang  de  Berre  another  nummunte  formation  with 
hippurites,  which  consequently  should  be  classed  in  the  lower  part 
of  the  white  chalk.     Our  enumeration  was  produced  whilst  these 
views  were  in  process  of  formation,  and  the  result  of  this  has  been, 
that  whilst  the  Glarus  slates,  which  are  conjoined  with  one  nummu- 
lite  deposit,  are  placed  under  r  (probably  however  too  low  ?),  the 
tertiary  nummulite  rocks  in  the  Paris  Catcaite  grossier,  and  at  Monte 
Bolca,  as  well  as  in  the  Yal  Ronca,  remain  united  with  the  Calcaire 
grossier  formation  under  t  (and  r),  whilst  only  a  few  small  nummulite 
deposits,  whose  age  was  not  certainly  determined  at  that  time,  are 
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inserted  between  /*and  ^  in  a  peculiar  column  s.  The  head  v  is  de- 
signed for  the  Molasse,  and  contains  the  fossil  remains  from  certain 
rocksy  of  which  it  is  uncertain  whether  they  should  be  reckoned  to 
the  middle  or  upper  tertiary  strata :  whenever  this  question  is  de- 
cided, the  contents  of  this  head  will  fall  to  be  divided  between  the 
two  adjoining  divisions.  In  like  manner,  if  only  formations  of  distinct 
a^  were  cli^sed  under  separate  heads,  the  head  x,  for  freshwater 
diluvial  formations,  shoula  vanish  and  be  conjoined  with  t^,  as  in 
reality  several  species  of  mammalia  are  common  to  both.  We  would 
thus,  on  the  whole,  obtain  only  21  to  22  instead  of  24  formations. 

But  irrespective  of  these  difficulties,  the  complete  enumeration  of 
fossil  bodies  has  another  class  of  hindrances  to  contend  with.  The 
stratum  in  which  many  species,  and  hence  even  genera,  occur,  is  un- 
known ;  and  whether  we  omit  them  altogether,  or  class  them  in  all 
possible  formations,  or  in  one  period  and  formation  selected  arbi- 
trarily, still  the  truth  must  suffer.  A  large  number  of  organic  re- 
mains appear  under  two  or  three  synonyms,  which  for  want  of  ac- 
curate comparison  cannot  be  conjoined,  and  hence  must  be  numbered 
two  or  three  times  over,  although  they  occur  only  once.  This  hap- 
pens especially  in  the  polyparia  and  molluscs,  the  synonyms  of  which 
nave  not  yet  been  sifted  and  arranged  in  any  monographical  work  ; 
whereas  the  polygastrica  and  foraminifera  by  Ehrenberg  and  D*Or- 
bigny,  the  Crustacea  by  Behrendt,  Burmeister,  and  others,  the  echi- 
noderms  and  fishes  by  Agassiz  in  special  monographs,  the  plants  and 
the  three  higher  classes  of  the  vertebrata  by  Gdppert  and  H.  v. 
Meyer  for  the  *  History  of  Nature '  itself — ^have  all  been  so  care^lly 
wrought  out,  that  in  these  parts  but  few  synonyms  now  appear  among 
the  true  species.  But  among  the  polyparia  and  conchyliae  the  species 
depending  on  mere  synon^s  may  amount  to  0*10  to  0*20.  We 
have  also,  with  few  exceptions,  made  it  a  rule,  where  fossils  appear 
under  unsuitable  specific  or  generic  names,  still  in  this  catalogue  to 
form  no  new  names,  but  to  leave  this  to  ^ture  monographs,  and 
were  consequently  compelled  to  quote  many  species  under  unappro- 
priate  genera,  as  has  been  occasionally  pointed  out  in  the  Enumerator 
itself; — there  are  likewise  a  number  of  genera  wholly  or  partly  syno- 
nymous, which  for  the  same  reason  we  must  allow  to  remain,  although 
this  also,  in  the  majority  of  cases,  is  indicated  in  the  Enumerator : 
such  species  consequently  could  not  alwfnrs  be  counted  in  the  proper 
place  and  under  the  right  family ;  and  the  number  of  the  genera  has 
thus  also  turned  out  rather  too  large,  although  in  the  summing-up 
attention  was  for  the  most  part  paid  to  these  circumstances.  If  in 
this  manner  a  greater  number  of  fossil  species  and  genera  appear 
than  were  really  before  us,  yet  on  the  other  hand  the  deduction  to  be 
made  on  this  account  is  more  than  compensated  by  the  new  disco- 
veries made  during  the  last  two  years  since  the  completion  of  our 
work,  though  these  indeed  extend  over  the  whole  system,  and  do  not 
exactly  fall  in  those  orders  in  which  they  were  wanted  to  supply  these 
defects.  Many  insects  and  species  of  birds  are  only  noticed  under 
the  proper  feuniilies  and  orders,  since  their  genera  were  not  deter- 
mined, and  consequently  they  could  only  be  assumed  as  divided 
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among  tbose  that  were  detennined ;  but  a  great  part  of  the  species 
of  insects  from  the  amber,  noted  in  this  manner  by  the  Breslau  en- 
tomologists, probably  agree  with  those  of  which  Behrendt  has  given 
a  list,  and  thus  the  number  of  amber  insects  seems  larger  than  it 
really  is.  A  great  part  of  the  genera  of  plants  and  fish  are  foimded 
merely  on  leaves,  stalks,  and  fruits,  or  on  scales,  teeth,  and  fin-SEpines, 
so  that  one  species  may  appear  not  only  in  three  genera,  but  also 
under  three  to  six  specific  names.  Many  plants  especially  are  enu- 
merated under  peculiar  names,  although  their  fossil  remains  cannot 
be  distinguished  from  certain  living  genera,  and  hence  must  be  united 
with  them  (Pinites,  Pinus — Acerites,  Acer,  &c.) ;  and  the  fossil 
ferns  particularly  are  divided  into  genera  from  the  form  of  their 
leaves,  which,  were  the  fructification  of  all  of  them  known,  might 
perhaps  fall  under  those  genera  which  have  been  established  for  the 
existing  ferns.  The  views  of  the  different  palaeontologists  who  have 
been  engaged  on  these  remains,  and  several  of  whom  will  not  admit 
of  any  species  common  to  the  living  and  extinct  creation,  or  to  differ- 
ent periods  or  even  formations,  have  had  great  influence  on  the  nomen- 
clature, which  has  again  affected  the  following  collected  results. 

Finally,  were  even  the  whole  of  these  difficulties  attaching  to  the 
preparation  of  such  a  work  overcome,  a  third  class  of  them  would 
still  remain,  preventing  us  from  instituting  a  just  comparison  between 
the  former  organic  world  and  that  which  now  exists.  They  depend 
on  this,  that  we  do  not  know  even  the  actual  creation  accurately 
enough,  that  we  know  still  less  accurately  all  that  portion  of  former 
creations  which  lies  buried  in  the  bosom  of  the  earth,  and  lastly, 
that  the  part  which  is  here  buried  represents  but  very  imperfectly 
the  whole  which  once  existed.  Many  soft  naked  animab  are  al- 
together unfit  for  becoming  fossilized,  as  the  greater  number  of 
innisoria  (soft  polygastrica,  as  the  rotatoria),  the  entozoa,  the  aca- 
lephse,  naked  anndids,  tunicatse,  and  other  molluscs,  even  some 
scaleless,  cartilaginous  fishes.  In  other  animals  a  whole  series  of 
favourable  conditions  must  be  combined  in  order  to  their  preserva- 
tion in  the  strata  of  the  earth,  so  as  to  be  recognizable  in  after-times. 
Remains  of  land-animab  and  land-plants  can  only  reach  the  water 
by  accident  so  as  to  become  imbedded  in  the  strata  deposited  from 
it ;  even  when  arrived  there,  except  in  very  rare  cases,  we  could  never 
expect  the  soft  cellular  tissue  of  plants  and  animals,  but  merely,  in 
favourable  circumstances,  of  the  former  the  woody  fibres  of  the  vas- 
cular plants,  of  the  latter  the  homy  parts — more  readily  the  earthy 
portions  of  the  skeleton,  as  bones,  spines,  teeth,  scales,  shells,  poly- 
pidom,  bucklers, — to  be  preserved  either  immediately  and  continu- 
ously,— or  at  least  so  long  that  they  should  form  an  enduring  im- 
pression, whether  sufficient  or  insufficient  for  identifying  them.  Cal- 
careous strata  are  peculiarly  favourable  for  the  preservation  in  a  de- 
terminable condition  of  calcareous  and  siliceous  remains ;  siliceous 
strata  for  that  of  woody  bodies ;  clays  for  vegetable  substances  in 
general,  and  the  homy  (chitine)  portions  of  the  animal  kingdom ; 
whilst  in  sand  and  sandstone  strata  almost  no  calcareous,  in  lime- 
stone almost  no  vegetable  remains  can  be  preserved.   In  order,  there- 
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fore,  that  these  remains  should  come  down  to  us  in  a  recognizable 
condition^  it  is  not  only  necessary  that  they  should  reach  the  water 
and  sink  to  the  bottom  of  it  whilst  it  was  forming  a  deposit,  but  this 
deposit  must  also  be  of  that  nature  which  is  adapted  for  the  preserva- 
tion of  that  peculiar  kind  of  organic  remain ;  it  must  exclude  the 
action  of  the  air  as  well  as  of  mechanical  forces  with  sufficient  rapi- 
dity before  these  remains  are  decomposed  or  destroyed ;  it  must  con- 
flohdate  with  sufficient  quickness,  or  increase  so  slowly  in  weight  as 
not  to  crush  them  into  a  wholly  undeterminable  condition.     The  in- 
habitants of  the  sea  with  characteristic,  hard,  earthy  parts  are  much 
more  favourably  situated.     They  occur  always  in  the  same  element 
from  which  the  strata  are  deposited,  and  consequently  are  at  all  times 
in  a  position  to  be  enclosed  in  them.     Let  any  one  consider  an  ex- 
isting continent  and  ask  himself  how  many  of  its  organic  beings  could 
probably  be  recognized  from  their  remains  which  might  be  preserved 
in  the  recent  stratified  formations  of  this  continent,  as  for  instance 
in  lakes,  in  river  deposits,  on  the  sea-coasts,  or  below  mountain  slips : 
not  a  thousandth  part  of  the  species  would  be  again  distinguishable. 
Let  us  imagine  this  continent  sinking  one  portion  after  another,  step 
by  step,  below  the  sea,  which  along  one  part  of  the  new  coast  soon 
spreads  out  new  strata  over  it,  whilst  on  the  shore  all  the  organisms 
sunk  along  with  it  he  open  and  uncovered,  exposed  to  destruction 
from  the  water  and  the  ravages  of  its  inhabitants.     How  small  the 
probabihty  afler  a  thousand  years,  supposing  it  possible  to  turn  over 
all  these  beds,  that  the  remains  found  in  them  would  enable  us  to  form 
an  image  of  the  former  fauna  and  flora  of  this  portion  of  the  globe ! 
But  how  Uttle  do  we  really  know  of  the  strata  of  the  earth !   How  large 
is  that  part  of  the  rock-formations  of  Europe,  the  interior  of  which  is 
unknown,  compared  with  the  strata  which  have  been  examined  at  their 
outcrop !  And  how  much  smaller  is  the  portion  of  the  earth's  surface 
examined  in  a  similar  manner  in  other  quarters  of  the  globe !   Finally, 
should  we  attempt  to  institute  a  comparison  between  the  distinguish- 
able fossil  beings  and  the  present  creation,  what  is  the  present  creation  ? 
Does  it  consist  of  100,000  or  200,000  species  of  animals,  of  70,000 
or  150,000  species  of  plants  ?  and  how  many  genera  does  it  contain  ? 
What  is  a  species  ?  and  what  indeed  is  a  genus  ?     Cuvier  twenty- 
five  years  ago  beheved  the  surface  of  the  earth  so  well  explored,  that 
there  was  but  little  hope  of  many  new  species  of  large  animals  being 
discovered.     Now  certainly  the  number  of  very  large  species  has  not 
been  great;  but  the  highest  class  of  animals,  the  mammaha,  has 
since   1829  mcreased  from  800  to  2000  species.     The  birds  have 
never  been  completely  described.     The  work  on  the  species  of  fish 
is  also  still  unfinished.     Count  Dejean  has  about  30,000  species  of 
Coleoptera  alone  in  his  collection,  ten  times  as  many  as  arc  known 
in  the  whole  class  of  the  Diptera ;  and  yet  Wurtemberg,  which  has 
been  carefully  explored  in  regard  to  both  classes  by  Roser,  furnishes 
at  least  full  as  many  Diptera  as  Coleoptera.     We  have  assumed  the 
number  of  genera  of  living  insects  quite  arbitrarily  at  4000  ;  perhaps 
we  ought  to  assume  .5000,  6000,  7000  or  more ;  the  extent  of  a 
genus  is  almost  entirely  arbitrary.     And  how  shall  we  distinguish 
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genera  of  omnisms,  whose  remains,  occurring  too  only  as  rarities, 
are  so  imperfect,  so  crushed,  so  small,  so  unlike  those  parts  on  whidi 
existing  senera  depend,  as  is  the  case  in  regard  to  insects  ?  How 
shall  we  distinguish  genera  from  such  unimportant  external  parts  as 
the  shells  of  the  Asiphonohranchise  among  die  molluscs,  a  group,  of 
which  the  soft  inhahitants  eyen  in  the  existing  world  are  for  the  most 
part  not  examined,  hut  only  distributed  by  chance  among  the  esta- 
blished genera  of  shells  1  How  shall  we  recognise  fossil  genera  from 
the  leaves  and  wood  of  plants,  when  we  are  not  able  to  determine  even 
existing  genera  from  their  leaves  and  wood  ? 

It  thus  indeed  seems  too  early  to  institute  a  comparison  betweoi  the 
present  and  former  creations ;  uiese  difficulties  must  first  be  set  aside, 
these  doubts  solved,  these  deficiencies  filled  up !  But  will  tb^  ever  ill 
be  so  ?  Will  even  a  considerable  portion  of  them  soon  be  so  f  We  are 
not  bound  to  wait  for  this,  but  onlv,  when  instituting  this  compari- 
son, to  keep  in  remembrance,  that  all  the  imperfections  just  mentioned 
attach  to  this  comparison.  It  is  necessary  for  us  to  remember  that 
when  we  express  the  results  of  this  comparison  in  mathematicallT 
precise  terms,  these  yet  are  only  inexact,  i^proximate  yalues,  aocord- 
mg  to  the  present  momentary  condition  of  our  knowledge, — ^that  those 
results  which  are  deduced  only  from  single  small  numbers,  are  of 
much  inferior  value  to  those  which  depend  on  the  combination  of 
higher  numbers, — that  the  image  (BiUf)  here  given  depends  on  the 
sum  of  the  previous  considerations,  and  that  new  observations  may  in 
the  course  of  years  very  considerably  modify  it,  even  although  many 
of  the  results  it  contains  must  already  be  r^arded  as  firmly  esta- 
blished for  ever. 

[In  explanation  of  the  following  tables  we  must  premise  that  the  colomns  with 
the  headings  a  g,  m  p,  g  f  and  s  x,  contain  those  sums  arising  from  the  addition  of 
the  columns  between  these  two  letters  (a  g  *=a  b  c  d  e  f  g),  wmch  sums  naturally  are 
too  large,  since  many  species,  genera,  &c.  occur  more  than  once  in  them,  and  on 
this  account  immediately  after,  under  I,  II,  III,  IV,  V,  the  true  sum  of  the  geners 
and  species  is  given.  This  also  happens  in  the  last  column  but  one  of  Table  IL 
with  the  lines  a — x  and  I — ^V,  of  which  the  latter  is  again  too  large,  and  the  true 
sum  is  therefore  giyen  in  the  last  column*.] 

*  As  stated  aboye.  Professor  Bronn,  in  preparing  his  summary,  has  occssionaUy 
made  allowance  for  errors  in  the  lists,  and  the  number  of  species  in  these  Tables 
consequently  varies  slightly  from  that  given  in  the  Journal,  p.  33,  above,  which 
was  drawn  up  from  the  work  itself.  The  Plantm  eeOuktreg  are  there  alio  erro- 
neously stated  at  773  instead  of  193,  the  number  of  names  in  the  list.~J.  N. 
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V.  Tertiary  Period. 
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All  the  V.  Period*. 
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I.  PLA^NT^L 
>fimber  of  genera.. 
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I.  Duration  of  Species. 

There  can  be  no  doubt  that  fossil  species  pass  from  one  formation 
into  another,  from  one  period  into  the  next,  and  in  rare  cases  even 
into  a  third  period,  if  we  indeed  allow  the  present  creation  to  rank  as 
a  YI.  period,  even  although  half  the  instances  of  such  transitions  may 
depena  on  erroneous  determinations.     No  further  proof  of  this  need 
be  required,  than  that  the  most  experienced  zoologists  and  botanists, 
and  even  the  most  decided  opponents  of  this  view,  Agassis  and  D*Or- 
bigny,  after  examining  the  original  specimens  adduced  in  proof,  have 
themselves  unconditionally  admitted  it.     For  instances  of  the  occur- 
rence of  identical  species  in  two  neighbouring  formations,  we  will  here, 
to  avoid  prolixity,  refer  to  the  original  text,  where  they  are  more 
fully  detailed,  and  confine  ourselves  to  some  of  the  more  important 
proofs.     Almost  every  one  knows  certain  forms  of  Terebratula  bipli- 
cata  from  the  oohte  and  the  chalk,  which  cannot  be  distinguished  from 
each  other  in  any  constant  manner.     Edwanl  Forbes  declares  ex- 
pressly that  he  has  found  the  Terebratula  caputserpentis  of  the  white 
chalk,  of  the  upper  tertiary  strata,  and  the  present  seas ;  and  the  . 
Echinocyamns  pusillus  in  the  eocene,  miocene,  phocene  strata  and 
living,  entirely  identical.     Ehrenberg  mentions — even  after  the  ex- 
clusion of  all  the  tertiary  strata  erroneously  joined  to  thejchalk — a  still 
very  considerable  number  of  infusoria  and  foraminifera  as  occurring 
in  the  chalk,  in  the  tertiary  formations  and  living ;  and  D'Orbigny, 
in  agreement  with  this,  declares*  that  he  cannot  distinguish  the 
Dentaltna  communis  and  Rotalina  umbilicata  of  the  Paris  white  chalk, 
either  from  the  tertiary  or  from  the  living  species  of  the  Mediterra- 
nean, and  in  regard  to  the  latter  especially,  that  after  the  most  mi- 
nute comparison  he  cannot  find  any  distinction.     He  himself  quotes 
five  cephalopods  {Ammonites  latidorsatus,A,  MayoranuSjA.  infiatus, 
Hamites  armatus,  Turrilites  Bergeri)  and  three  foraminifera  (D«i- 
talina  sulcata,  Marginulina  compressa,  Cristellaria  rotula)  in  the 
greensand  (gault)  and  in  the  chalk  (in  r  and  /*).     Agassiz  himself 
cites  Lamma  elegans  in  t,  u,  v,  w,  Odontaspis  contortidensinu,  v,  w, 
and  Cytherea  (Lucina)  leonina  in  u,  v.     That  a  great  number  of  ter- 
tiary species  pass  into  the  present  creation,  is  not  only  admitted  by  all 
palaeontolo^sts  with  two  or  three  exceptions,  but  has  also  been  spe- 
cially proved  by  us  in  our  review  of  Agassiz'  memoir  "  Sur  les  esp^^es 
reputees  identiquesf,"  and  among  other  things  by  showing  partly 
that  the  specific  distinctions  which  Agassiz  adduced  between  speci- 
mens of  certain  species  from  the  two  positions,  and  partly  that  the 
identity  of  geological  position  which  he  assumed  for  the  genuine 
Cyprina  Islandica  in  Sicily  as  quaternary  instead  of  tertiary,  did  not 
exist.     There  are  tertiary  and  more  recent  strata  where  the  number 
of  species  that  continue  into  the  living  creation  amounts  to  0*04 — 
0-20-0-50— 0-60— 070— 0-80— 0-90— 0-95— 0-99— 1  00,  with- 

*  M^moires  de  la  Soci^t^  G^Iogique,  ir.  13,  32. 
t  Jalirbuch,  1846,  p.  250,  ttq. 
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out  any  possibility  of  finding  any  determinate  limit  between  tbcm. 
R.  Owen  has  recognized  in  the  English  (newer-pliocene)  tertiary  strata 
in  40  species  of  mammalia,  30  (=0*  75)  as  still  bTing.  In  this  respect, 
howerer,  there  appears  an  essential  distinction,  since  only  the  tertiary 
passes  thus  gradually  into  the  existing  period,  whereas  between  all  the 
earlier  pericms  some  limit  has  hitherto  been  found  where  the  number 
of  transition  species  is  very  small,  and  forms  only  an  inconsiderable 
proportion  (=0*01 — 0*03),  a  circumstance  which  might  readify  lead 
to  the  view,  that  a  community  of  species,  at  least  between  different 
periods,  was  to  be  wholly  denied. — ^These  species  have  both  begun  to 
exist  at  different  times  within  the  periods,  and  have  existed  for  dif- 
ferent times ;  epochs  of  the  synchronous  origin  and  synchronous 
perishing  of  an  entire  creation  have  never  once  occurred. — The  length 
of  the  duration  of  a  species  is  very  unequal ;  it  can,  as  we  have  seen, 
extend  into  three  or  two  periods,  contmue  for  8 — 5 — 3 — 2 — 1  for- 
mations, nay  even  only  for  a  portion  of  a  formation,  for  one  or  two 
of  its  subordinate  beds.  This  leads  us  to  inquire  into  the  mean  du- 
ration of  a  species.  According  to  the  numbers  in  the  Enumerator* 
with  the  exclusion  of  species  still  living,  there  pass 

of    2055  plants 12  or  0006  1 

of  24,366  animals  . . .  .3322  or  0*134  l^  species  into  other  formations, 
of  26,421  organisms  . .  3334  or  0124  J 

a  proportion  that  for  the  plants  is  too  small,  as  in  it  the  carboni- 
ferous plants  in  the  lias  of  the  Tarentaise  have  not  been  twice  enu- 
merated, whilst  in  general  it  must  be  considered,  that  many  species 
only  appear  in  two  or  more  formations  in  consequence  of  erroneous 
determinations, — that  these  cases  are  chiefly  confined  to  the  Amor- 
phozoa,  Phytozoa,  Anthozoa,  and  CJonchylice,  with  the  Trilobites 
(a+ 5),  since  the  other  classes  have  been  more  thoroughly  elaborated, 
and  especially  among  the  mammalia  the  occurrence  in  two  forma- 
tions, chronologically  distinct,  almost  never  happens ;  that,  if  the 
heads  v  and  x,  in  agreement  with  a  former  observation,  were  cancelled 
as  synchronous  with  other  formations,  the  most  numerous  instances 
of  transitions  would  disappear ;  whereas  some  species  overleap  one 
or  more  formations,  and  hence  very  probably,  at  least  in  general, 
must  also  be  introduced  into  the  intermediate  members  :  relations, 
with  due  regard  to  which  the  average  duration  of  the  species  for  in- 
dividual groups  may  be  calculated.  From  this  it  may,  on  the  whole, 
be  deduced  that  each  species  has  had  an  average  duration  of  less  than 
1*12  formation,  to  which  must  also  be  added  the  very  essential  con- 
sideration, that  the  occurrence  in  one  period  is  not  an  occurrence 
during  this  whole  period,  but  rather,  according  to  observations,  for  the 
details  of  which  space  is  wanting  in  our  work,  must  be  assumed  as 
much  shorter  on  the  average.  Murchison  and  De  Vemeuil  have  also 
established  the  view,  to  which  we  had  long  attained,  that  those 
species,  which  possess  the  greatest  geological  duration,  are  also  those 
which  have  a  wide  geographical  distribution. 
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II.  Duration  of  the  Genera, 

There  are  natural  genera  {Sijypen),  which,  even  although  they  con- 
tain seyeral  species,  are  hmited  to  a  single  formation,  whilst  others 
pass  through  several  formations,  several  periods,  all  periods,  and  even 
enter  into  the  existing  creation.     Thus  we  find  numhered 

in  different 

Periods.   Formations.  Period.  Form. 

Plants  the    350  genera   463,       592  times  =  1  :  132  :  1()9 

Ammals     2501      „      3347,     5415  times  =  1  :  1-34  :  217 

Together    2851      „      3810,     6007  times  =  1  :  134  :  211 

Among  100  genera  therefore  34  pass  into  another  period,  and  100 
genera  of  phmts  occur  169  times,  100  of  animab  217  times,  and  100 
of  both  toother  211  times  in  different  formations  (hence  69,  117, 
111  times  m  a  second  or  other  formation).  This  proportion  will, 
however,  become  smaller  by  the  elision  of  the  formations  Ik,  v  and 
X,  and  be  increased  when  we  take  into  account  that  many  genera  oc- 
cur in  two  formations  or  periods  between  which  they  are  wanting 
in  1 — 2  others,  but  yet  probably  have  existed  and  hence  must  be 
reckoned  or  supposed  to  exist, — excepting  however  those  cases  where 
genera  are  unnaturally  composed  or  heterogeneous  species,  so  that 
the  older  species  cannot  remain  united  in  one  genus  with  the  more 
recent.  It  is  usual  to  suppose  (with  Forbes)  each  genus,  during  its 
geological  continuance,  increasing  in  species  to  a  point  in  time  of 
greatest  development,  and  from  that  again  decreasing  to  its  gradual 
extinction,  where  indeed  this  point  in  time  of  maximum  development 
does  not  fall  in  the  earliest  Silurian  or  the  existing  period.  Never- 
theless though  this  form  of  development  occurs  in  some  large  ^nera 
(very  small  genera  furnish  no  measure  or  have  no  form),  it  is  not 
the  usual  one;  we  rather  find  that  in  general,  between  the  pretty 
rapid  or  occasionally  sudden  increase  or  decrease  of  species,  their 
number  in  the  separate  formations  or  periods  remains  rather  constant. 
The  lower  families  of  plants  and  animals — which  on  the  whole  in 
this  and  other  conditions  of  their  occurrence  bear  a  closer  relation 
to  each  other,  than  the  lower  to  the  higher  families  of  plants  or 
the  lower  to  the  higher  famiUes  of  animals — contain  the  genera 
of  longest  duration ;  thus  whilst  several  genera  of  marine  algee 
among  the  cellular  plants,  and  the  marine  pol3rps,  annehds  and 
especially  moUusca  among  invertebrate  animals,  continue  through  the 
whole  series  of  formations  and  even  into  the  present  creation,  the 
genera  of  vascular  plants,  of  the  other  entomozoa,  and  the  whole  ver- 
tebrata  are  limited  to  shorter  periods,  so  that  almost  all  continue  only 
for  a  few  periods,  or  mostly  for  one  period,  and  those  of  the  birds 
and  mammalia  at  the  most  belong  only  to  one  period  and  almost 
always  to  one  formation,  so  far  as  they  do  not  pass  into  the  present 
creation.  In  a  geologically  limited  class  or  order  of  organisms  all 
the  genera  must  also  necessarily  be  so  (Mammalia,  Choristopetalse)  ; 
in  a  geologically  extensive  one  on  the  contrary,  either  (almost)  all 
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the  genera  may  have  the  same  duration  (Monomya),  or  it  may  be 
composed  of  more  limited  and  more  extended  subgroups  (Brachio- 
pods  of  the  Grenuina  and  Rudistee),  or  again  consist  entirely  of 
limited  subdivisions  with  limited  genera  (Pteropods). 

III.  Number  of  the  Species, 

We  have  enumerated  2055  species  of  plants,  24,366  of  animals, 
together  26,421  fossil  species,  which,  as  already  mentioned,  after 
excluding  the  imionymous  species,  may  perhaps  be  reduced  about 
O'lO,  in  some  classes  even  0*20.  The  fossil  plants  make  also  0*08 
of  the  fossil  animab ;  and  the  proportion  of  the  fossil  species  to  the 
living  is,  in  round  numbers,  in  the 

Fossil.        Living.  Fossil  &  living. 
Plante    =    2050:    70,000:    72,050=  3:100:103 
Animab=24,000  ;  100,000  :  124,000  =  24  ;  100  :  124 

Both      =  26,250  :  1 70,000  :  1 96,050  =  1 5  :  1 00  :  1 1 5 

Whilst  therefore  the  number  of  species  of  living  animals  is  not  much 
greater  than  that  of  hving  plants  HOO  :  70),  that  of  fossil  animals 
surpasses  the  fossil  plants  in  a  much  higher  ratio  (=  100  :  9).  But 
assuredly  a  proportion  between  plants  and  animals  so  widely  differ- 
ent from  the  present  has  never  formerly  existed,  since  the  two  king- 
doms generally, — ^in  individual  famiUes,  genera  and  even  species^— 
exercise  so  great  a  reciprocal  influence  on  each  other,  that  a  Rreat 
increase  or  multipUcation  of  the  one  kingdom  is  not  possible  without 
that  of  the  other.  It  is  quite  certain  that  formerly,  not  only  relatively 
many  more  plants,  but  also  many  more  insects,  birds,  soft  molluscs, 
&c.,  even  more  land  reptiles  and  mammalia  have  existed,  compared 
with  the  conchyUse,  than  the  strata  now  show  us,  since  these  are 
not  all  so  well  adapted  for  the  reception  and  preservation  of  every 
class  of  beings  as  for  that  of  the  conchyhse.  We  have  therefore 
proposed  the  question  to  ourselves,  whether, — presupposing  the  pre- 
sent proportion  of  the  separate  divisions  of  the  orgamc  kingdoms  to 
each  other  to  have  prevailed  so  long  as  these  divisions  can  be  proved 
to  have  existed — it  is  not  possible  from  the  number  of  still  Uving 
species  to  estimate  that  of  all  that  have  existed,  whilst  we  calculate 
from  the  number  of  preserved  species  in  the  easily  preserved  classes 
of  animals,  the  number  of  species  that  once  existed  in  the  difficultly 
preservable  classes,  orders,  &c.  of  animab  and  plants,  from  the  num- 
ber of  parasites  the  number  of  the  species  on  which  they  lived  and 
the  reverse,  on  the  supposition  of  a  similar  numerical  proportion  to 
the  present,  from  the  time  of  the  certain  appearance  of  each  of  these 
groups  to  that  of  its  disappearance  from  the  earth's  surface,  or  to  the 
commencement  of  the  present  period  ?  For  this  purpose  we  must 
first  come  to  a  more  precise  decision  regarding  the  number  of  exist- 
ing formations  in  apalaeontological  point  of  view,  and  then  endeavour 
to  furnish  the  proof,  that  the  earth  was  actually  at  each  time  as  fully 
and  variously  peopled  as  at  present  by  those  classes,  orders  and  fi- 


Digitized  by  VjOOQIC 


BRONN  ON  PALAONTOLOGICAL  STATICS.  49 

nuHes  at  least,  which  were  then  in  existence.  In  r^ard  to  forma- 
tions as  reciprocal  palaeontolc^cal  equivalents,  we  thmk  it  necessary 
to  assume  for  our  present  purpose,  perhaps,  the  following  fifteen : 

a?,  h,  c,  de,  fg,  ikl,  m,    n,    op,  q,  r,  f,  t,  uvwx 

r  cj  o  o  N    ^  t^,  ^g  w     ?  9  G  ?    b: 
I  g.  •    g  .  Z,y  ^  ^     i 

Although  now,  as  we  have  seen,  among  100  fossil  species  there  may 
be  12  passing  from  one  formation  into  another,  although  further  an- 
other large  part  of  the  fossil  species  may  hare  continued  during  the 
whole  time  of  such  a  formation,  yet  nevertheless  a  much  more  consi>- 
derable  number,  as  we  already  indicated,  have  been  limited  merely  to 
h  f  >  h  h  i  P^^  ^^  ^^^^^  corresponding  formation,  so  that  even  within 
one  and  the  same  formation  a  large  part  of  the  species  or  oreanisms 
has  been  several  times  changed ;  and  it  is  assuredly  not  too  hiffh,  if  we 
assume,  that  in  each  of  the  fifteen  formations  just  adopted  (a  per- 
haps excepted,  for  which  however  n  furnishes  more  than  a  sufficient 
compensation)  the  species  have  changed  at  least  once,  so  that  if  some 
Uvea  throughout  the  whole  period  of  a  formation,  others  admitted 
of  a  two-  to  threefold  change.  This  change  too  has  not  taken  place 
inmchronously  for  all,  or  even  for  the  ereater  part  of  them,  but  gra- 
aually,  in  like  manner  as  the  individuals  of  a  species  are  bom,  some 
early  and  others  late,  and  perish,  the  one  after  a  short,  the  other 
afler  a  long  life ;  but,  nevertheless,  the  mean  duration  of  a  generation 
may  be  determined,  as,  for  instance,  in  the  human  race,  at  thirty- 
three  years.  Thus  we  may  also  assume  the  mean  duration,  or  the 
mean  '  life  of  a  species'  (although  we  repeat  it,  only  on  the  supposi- 
tion that  each  species  once  existing  completely  filled  up  at  least  one 
of  these  first  formation-times  have  we  found  this  mean  duration 
=  1*12  formation)  =  ^  the  time  of  a  formation  when  these  are  limited 
to  the  above  fifteen;  we  would  therefore,  without  recognising  so 
many  universal  synchronous  renewals  of  the  entire  flora  and  fauna, 
assume  the  whole  time  of  the  formation  of  the  earth's  crust  as  =30 
chanses  of  species,  or  thirty  times  the  duration  or  '  life  of  a  species.' 
Tummg  now  to  the  investigation  of  the  other  question,  whether  the 
earth  during  each  of  these  '  lives  of  a  species'  was  as  richlv  peopled 
with  species  as  at  present, — at  least  in  respect  to  those  classes,  or- 
ders, and  families  which  already  existed, — we  cannot  hope  to  obtain 
an  answer  by  comparing  the  entire  former  flora  or  fauna  with  the 
present,  or  by  comparing  the  whole  number  of  species  of  fossil  rep- 
tiles, fishes  or  mammalia  with  those  now  existing,  but  only  when  we 
compare  the  fosnl  flora  or  fauna  of  some  locality,  peculiarly  favour- 
ably situated  for  the  more  perfect  preservation  of  tneir  remains,  and 
these  collected,  not  out  of  a  long  series  of  strata,  but  at  most  from  a 
succession  of  strata  corresponoUng  to  the  'life  of  a  species,'  with 
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the  present  flora  or  fauna  of  the  same  place,  and  from  several 
such  local  and  temporary  results  draw  conclusions  regarding  every 
point  of  the  earth's  surfoce  and  all  the  shortest  intervals  of  time 
of  one  *  hfe  of  a  species/  For  this  purpose  we  will  review  various 
formations. 

a-e.  For  these,  the  oldest  formations,  it  may  suffice  to  refer  to 
our  Eniunerator  in  respect  of  the  Plantse  vasculares  monocotyledo- 
nese,  some  groups  of  Anthozoa,  the  Brachiopods,  the  Cephalopods, 
the  Trilobites,  the  Ganoids,  and  to  remark  that  the  numerous  spe- 
cies of  most  of  these  divbions  have  been  made  known  from  a  smaU 
number  of  localities  during  a  period  of  scarcely  ten  years'  search,  in 
order  to  produce  the  conviction  that  the  earth  in  that  period  of  time 
was  not  poorer  in  species  of  the  orders  of  plants  and  animab  just 
named  than  at  present. 

h.  The  St.  Uassian  formation  may  belong  to  the  II.,  or  to  m  in 
the  III.  period,  but  anyhow  its  senes  of  strata  bespeaks  a  limited 
locality,  a  time  of  formation  not  longer  than  one  of  our  *  lives  of  a 
species,'  and  furnishes  us  with  a  sea  fauna  of  more  than  700  species  of 
invertebrate  animals  and  sponges,  corals,  echinoderms  and  molluscs, 
which  is  more  than  we  are  now  able  to  collect  from  any  similarly 
limited  space  in  the  bottom  of  the  sea. 

m.  >¥nilst  before  the  Lias  we  could  not  bring  together  a  dozen 
winged  insects,  this  yields  us  in  England  not  less  than  four  species 
of  Libellulinse  of  three  different  eenera,  on  the  surface  of  one  or  two 
layers  of  a  marine  deposit,  in  a  district  so  limited  that  in  -the  same 
place  at  present,  and  that  too  on  the  land  (where  the  Libellulse  Uve),  it 
would  perhaps  be  difficult  to  collect  with  all  diligence  as  many  living 
species.  The  larvae  of  these  animab  in  the  water  subsist  on  other 
larvae  ;  in  their  winged  condition  they  are  continually  catching  other 
flying  insects  for  food,  which  there  can  be  no  doubt  must  have  for- 
merly existed  along  with  them,  even  although  we  should  not  now 
find  them.  In  like  manner  the  number  of  ganoid  fishes  belonging 
to  the  Lepidoid  and  Sauroid  families  which  may  be  found  collected 
in  a  single  point  in  many  localities  in  England  is  very  considerable ; 
for  the  quarries  of  lias-shale  at  Lyme  Regis  alone  have  furnished  8 
genera  with  22  species  of  Elasmobranchii,  and  18  genera  with  49 
species  of  ganoids  (which  in  the  whole  existing  creation  are  repre- 
sented by  only  4  genera  and  27-30  species). 

n^  In  the  forest-marble  of  Calvados  in  the  communes  of  Ranville, 
Luc,  Lebisey,  and  Langrune,  Michelin  himself  has  found  67  species 
of  polyparia  and  spongiariae,  whilst  Ehrenberg,  on  the  coast  of  the 
Red  Sea,  where  one-third  of  all  the  known  coral  animals  Uve,  could 
not  collect  above  1 20  species,  and  perhaps  the  whole  Mediterranean 
would  not  yield  ^7  species. 

n*.  In  like  manner,  Goldfuss  has  described  from  the  Upper  Jura 
of  Streitberg  45,  of  Giengen  1 7,  of  Nattheim  8,  of  Thumau  7  spe- 
cies of  spongiariae  and  polyparia,  without  mentioning  those  also  oc- 
curring in  these  locaUties,  but  which  had  been  already  described  in 
other  places.  For  in  the  whole  Hartmann  enumerates  80  species  of 
polyps  from  Wurtemberg  alone,  Goldfuss  and  Munster  40  species  of 
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scyphia  fVom  Franconia  and  Swabia,  and  Munster  has  left  to  the 
Baireuth  collection  130  species  of  polyparia,  with  67  scrphia  from 
Franconia.  All  these  remains  are  derived  from  the  coral  limestone, 
a  rock-section,  which  corresponds  neither  to  the  whole  of  n*  nor  yet 
to  a  complete  *  life  of  a  species,'  nor  yet  can  have  formed  the  only 
kind  of  rock  of  this  time,  since  the  following  deposit  nearly  coincides 
with  it. 

n*.  One  of  the  most  important  fossil  localities  is  the  Solenhofen 
deposit,  because  it,  though  well-characterized  in  regard  to  its  posi- 
tion, is  yet  so  peculiar  in  its  organic  remains,  that  it  must  be  regarded 
in  its  whole  extent  and  thickness  (Solenhofen,  Kehlheim,  Pappen- 
heim,  Aichstedt)  as  merely  a  local  facies  of  another  rock-formation, 
and  as  the  produce  of  less  than  one  'life  of  a  species'  (n*),  during 
which,  except  the  eradual  fiUing-up  of  the  sea-bottom,  scarcely  any 
geological  change  has  taken  pkce.  This  locaHty  furnishes  besides 
many  conchylise,  which  also  occur  in  n^  in  other  locaUties : 

Genera.  Species. 

Marine  Algse   8  29 

Sepise   4  32 

Hexapod  insects,  including  10  Libellulinse.  .12  27 

Crustacea :  Decapods 26  100 

Limulinse 1  6 

Fishes  (Ganoids  with  4  Elasmobranchii)    . .    22  94 

Reptiles  (Chelonians  and  Saurians)    13  27 

So  great  richness  of  various  plants  and  animals  of  these  divisions 
could  scarcely  be  collected  in  any  re^on  of  the  sea  within  a  few 
square  leagues ;  not  only  are  the  manne  Algse  abundant,  but  also 
the  Sepise,  which  are  derived  entirely  from  the  genera  furnished  with 
a  shell  (Schulpe),  along  with  which  shell-less  species  may  also  have 
existed ;  Nice  has  only  12  genera  with  22  living  species,  including 
both  those  with  and  without  a  shell ;  10  Libellulinse,  as  representa- 
tives of  the  hexapod  insects,  would,  in  any  local  European  fauna,  form 
a  considerable  amount,  and  the  larger  species  indicate  a  multitude  of 
other  flying  insects.  Six  Limulinse  are  as  many  as  occur  in  the  whole 
existing  creation.  Nowhere  have  the  marine  Crustacea  been  so  care- 
fully collected  for  a  long  time  as  at  Nice,  where  Verany  cannot  count 
above  72  (much-divided)  genera  with  108  species,  among  which  are 
44  eenera  with  72  species  of  decapods.  It  may  enable  us  to  judge 
of  the  importance  of  such  a  number  as  94  species  of  fish,  to  observe 
that  Risso  could  not  bring  together  from  the  seas  of  Nice  during 
many  years,  takine  advantage  of  all  seasons  and  with  the  assistance  of 
fishermen,  from  the  most  Afferent  localities  and  depths,  which  are 
entirely  wanting  at  Solenhofen,  more  than  105  genera  with  310  spe- 
cies of  marine  fish  of  all  orders.  Finally,  the  whole  of  Europe  would 
at  present  scarcely  furnish  13  genera  with  27  species  of  Chelonians 
ana  Saurians. 

p.  A  similar  relation  prevails  in  the  confined  freshwater  deposits 
of  the  North-German  and  English  Wealden  formation,  into  which 
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aolj  a  few  remains  of  marine  animals  have  found  their  way.     Frmn 

these  we  know : 

In  Genntny.  In  Endand. 

Genenu  Spedet.  Genen.  Spedet. 

Plants 18        50  7          8 

Conchylice 17         82  15         33 

Crustacea   2         10  2          4 

Hexapod  insects —        —  48        60 

Fishes 8         14(?)  14        27 

Reptiles  (Chelonians  and  Saurians)      3          4  11         13 

In  the  North-German  basin  alone  the  freshwater  shell  Cjrena  ap« 
pears  with  38  species,  that  is,  1*5  times  as  many  species  as  now  lire 
over  the  whole  surface  of  the  globe ;  the  freshwater  genera  Tiimnienw, 
Planorbis,  Paludina,  Neritina,  first  occur  genuine.  On  the  whole,  it 
would  now  be  difficult  to  find  a  distinct  basin  of  water  with  8  genera 
and  14  species,  or  indeed  with  14  genera  and  27  species  of  fish,  or  in 
the  limits  of  which  1 1  genera  with  13  species  of  large  reptiles  of  the 
orders  of  the  Chelonians  and  Saurians  alone  could  be  discovered,  and 
yet  assuredly  these  numbers  do  not  exhaust  this  very  extensive  basin, 
f^.  The  limited  locahty  of  Maestricht,  so  peculiar  for  its  rock- 
formation,  whether  we  leave  it  in  the  white  chalk  or  conjoin  it  with 
the  so-called  Terrain  danien,  does  not  bespeak  a  longer  interval  than 
the '  life  of  a  species.'   It  has  furnished, — -besides  remarkable  reptiles 

J  Chelonians  and  Saurians),  numerous  conchylise,  crustaceans  and 
braminifera, — 9  genera  with  1 9  species  echinoderms,  4  genera  with 
8  spedea  amorphozoa,  and  11  genera  with  51  species  polyparise  of 
the  groups  of  Anthozoa  and  Phytozoa,  whereas  Verany  enumerates 
for  Nice  only  8  genera  with  23  species  echinoderms  (without  the 
Holothuriae),  and  no  calcareous  polyps  [??]• 

(s)  r.  Besides  13  species  of  fucoids,  we  are  indebted  to  Monte 
Bolca  for  71  genera  with  128  species  of  fish,  all  of  the  order  of  the 
Teleostei,  for  which  at  Nice  only  93  genera  with  270  species  would 
remain. 

t.  From  the  eocene  deposits  we  would  select  the  local  freshwater 
formation  of  Billy,  which  numbers  not  less  than  14  genera  with  39 
species  of  non-marine  (Binnen)  conchylise,  among;  whidi  are  8  genera 
with  24  species  of  land  conchy  Use,  which  can  on^  have  been  washed 
in  accidentally  from  the  bank,  whereas  the  most  careAil  examination 
for  a  circuit  of  eight  miles  (4  Stunden)  round  Heidelberg  has  yielded 
us  only  90-100  species  of  non-marine  conchylise,  of  which  perhaps 
the  half  are  more  or  less  common,  the  other  half  rare,  or  confined  to 
small  localities.  Warm  regions  are  not  richer  in  non-marine  con- 
chylise than  the  temperate.  The  freshwater  deposit,  of  about  the 
same  age  with  the  former,  of  Castelnaudarv  in  the  Aude,  department 
possesses,  according  to  Marcel  de  Serres,  the  following  fauna : — 


Genenu  Species. 

Mammalia 3 

Reptiles 4  4^14:27; 

Non-marine  conchylise  ....    7 


>peciet. 

4  >  14:: 
18j 
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of  which  the  conchjlise  again  are  almost  entirely  terrestrial  species, 
which  are  distinct  mm  the  former'*'. 

u.  The  miocene  marine  remains  which  Michelottif  has  recently 
described  are  procured  from  a  thick  mass  of  grey  marls  round  Turin, 
Asti  and  Tortona,  but  which  also  occurs  in  the  Piacentine  country 
near  Basedasco';  yet,  notwithstanding  this  very  considerable  extent, 
it  only  corresponds  at  most  to  one  of  our  'tives  of  a  species,'  as  it 
must  be  placed  on  the  parallel  of  u,  or  perhaps  only  of  its  upper 
portion.  During  its  deposition  no  considerable  change  of  conditions 
nas  taken  place.     Its  fauna  contains — 

Genera.  Species. 

Rhizopoda  (Foraminifera) ....      8  19^ 

Polypi     33  103 

Echinoderms 8  23 

Crustacea    1  1>»171:740 

Cirripedes 3  6 

Annelids 1  1 

Conchylice 117  587^ 

^  1         ,       ,  ^  ,  Conchyliae.     Cirripedet. 

But  now  there  has  been  enumerated  by  Genera.  Spedei.  Spedet. 
De  Gerville  for  the  coasts  of  the  Manchel    ^q         ion        q 

departments  only   J 

Vemay  at  Nice,  not  quite 100        250         9 

Fhilippi  for  the  Sicilian-Calabrian  coasts —        545       18 

(both  with  the  exclusion  of  naked  and  non-marine  conchylise)  ,- 
hence  theTortona  beds,  even  in  respect  to  the  Cirripeds,  of  which  many 
are  very  friable  or  entirely  without  shells,  have  much  the  advantage, 
u.  For  the  middle-tertiary  freshwater  beds  we  select  the  two  very 
limited  localities,  situated  quite  close  to  each  other,  of  Wiesbaden 
and  Hochheim,  which,  althouffh  they  have  not  many  species  in  com- 
mon, yet  assuredly  do  not  fill  up  an  entire  'life  of  a  species'  as  we 
have  above  defined  it.  From  these  Thoma  has  described  Helix  with 
32  species,  and  12  other  genera  of  non-marine  conchylise  with  23 
species,  or  together  13  genera  with  55  species  of  land  and  freshwater 
conchyliee.  According  to  Al.  Braun,  Hochheim  furnishes  57  and 
Wiesbaden  22  species  alone  of  land-shells,  which  together,  as  only  8 
species  are  common,  make  71  species.  The  entire  miocene  basin  of 
Mayence,  according  to  him,  produces  74  species  of  land  and  28  spe- 
cies of  brackish  and  freshwater  conchy  Use,  together  102  species  from 
20  ^nera,  or  as  many  as  we  are  now  able  to  find  hving  in  this  basin ; 
lor  m  It,  jjj  ^jj^  Miocene  time.     At  present. 

Spedet.  Spedet. 

Helix  has  produced    41  32 

BuHmus 10  4 

Pupa 16  14 

littorinella 9  1  &c. 

*  Jahrbuch,  1845,  p.  738;  1848,  p.  637. 

t  In  the  Naturkund.  Yerbandl.  van  de  Maattch.  te  Harlem  1847»  b,  m,  ii. 
pp.  1-408. 
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On  the  whole  the  number  of  hmd-conchylise  was  formerly  greater 
and  that  of  marsh-conchylise  smaller  than  at  present,  when  we  do 
not  include  the  brackish-water  conchyliae  (Dreissena,  Littorinella, 
some  Neritinae,  Potamides).  This  same  miocene  basin  has  also  fur- 
nished to  Kaup  1 7  genera  and  32  species  of  land  mammalia  generally 
large,  to  which  H.  v.  Meyer  has  added  a  considerable  number  of  spe- 
cies mostly  smaller.  No  spot  on  the  surface  of  the  earth  of  equal  ex- 
tent would  now,  it  is  probable,  yield  so  many. 

y.  The  peculiar,  freshwater,  molasse-marls  of  Oningen,  in  like 
manner  belonging  merely  to  a  small  unbroken  time  of  deposition,  have 
as  yet  furnished : 

Genera.      Species. 

Plants  according  to  Al.  Braun* 32  55 

Non-marine  molluscs oo  oq 

Insects  according  to  O.  Heer,  first  Coleoptera     70  103 

others oo  oo 

Freshwater  fishes  according  to  Agassiz  ....      13  19 

Reptiles  according  to  H.  v.  Meyer  (especially 

Batrachians)    12  16 

Birds    «  # 

Mammalia  according  to  H.  v.  Meyer 3 4 

130-l-x;  197+x. 

An  these  remains,  except  those  of  the  non-marine  molluscs, ,  fishes 
and  some  reptiles,  have  only  come  accidentally  into  this  situation, 
and  hence  can  in  no  way  represent  the  entire  fauna  of  that  time. 
The  Batrachians  there  appear  more  numerous  and  varied  among  the 
reptiles  than  in  any  other  locality  in  Europe,  perhaps  on  the  ^diole 
face  of  the  earth.  Then  of  living  freshwater  fishes  there  were  known 
by 

Genera.       Species. 
Hartmann  in  all  Switzerland    ....      13  44 

„        in  the  Boden-lake —  36 1    The  above  is 

Nau  near  Mayence   10  33  >thus  f  of  this 

V.  Martens  near  Ulm    10(13)      35  J  amount ; 

but  it  would  be  impossible  to  find  these  4  of  the  species  in  any  of 
the  places  mentioned  collected  in  a  single  (small)  basin  of  water. 
Parschlug  is  of  the  same  age  with  Oningen,  and  has  produced 
some  identical  insects,  mammalia,  and,  according  to  Un^r,  also 
67  genera  with  140  species  of  plants,  of  which  19  likewise  occur 
at  Oningen.  They  are  leaves,  almost  wholly  of  trees  and  shrubs, 
which  could  not  be  found  assembled  in  such  variety  in  any  existing 
forest,  so  that  linger  has  been  compelled  to  make  the  supposition 
that  they  have  been  brought  together  by  floods  from  a  wide  circuit, 
although  their  state  of  preservation  appears  opposed  to  this  view. 

These  examples  may  suffice  to  render  it  nighly  probable,  even 
although  all  classes,  orclers,  and  families  of  our  system  may  not  have 
existed  at  all  times  on  the  surface  of  the  earth,  and  although  some 

*  Jahrbucb,  1845,  p.  164. 
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few  groups  of  them  may  have  again  vanished,  yet  that  those  which 
then  existed  were  at  all  times  almost  as  numerously  represented  hy 
genera  and  species  as  at  present ;  although  naturally  in  a  systematic 
point  of  view,  greater  or  smaller  oscillations  hoth  in  a  horizontal  and 
vertical  direction  were  not  thereby  excluded,  and  many  groups  might 
reffularly  be  in  reality  somewhat  less  numerously,  others  also  tega- 
lany  always  more  numerously  represented  than  at  present.  Tne 
objection,  which  some  may  make,  that  the  species  formerly  were 
more  widely  dispersed,  and  hence,  though  on  the  whole  fewer  might 
yet  be  found  as  numerous,  in  one  place,  as  we  have  seen  above,  can- 
not have  any  essential  influence  on  the  result. 

It  thus  appears  that  we  may  base  an  estimate  of  the  number  of 
species  which  have  gradually  peopled  the  surface  of  the  earth  on  the 
three  following  propositions : — (1)  There  has  been  at  least  thirty  times 
a  chanee  of  species,  or  there  have  been  thirty  *  Kves  of  a  speaes '  on 
the  globe ;  (2)  in  each  of  these  '  lives  of  a  species '  each  group  of  the 
vegetable  and  animal  kingdom  which  then  existed  was  represented 
by  as  numerous  species  and  senera  as  at  present ;  (3)  notwithstand- 
ing minute  oscillations  up  and  down  of  individual  groups,  the  present 
number  of  the  species  and  genera  of  each  group  maj  be  considered 
as  unitv,  as  the  equivalent  of  each  'life  of  a  dpeaes ' ;  and  these 
oscillations  may  even  be  takep  into  account  by  means  of  an  exponent 
placed  after  the  number  of  the  existing  species.  We  have  assumed 
It  in  the  Cephalopods  (but  still  too  small)  as  =  100,  in  the  entozoa 
=  h  because  formerly  there  were  not  so  many  classes  of  animals, 
and  consequently  their  entozoa  must  also  be  wanting.  We  have 
finally  taken  that  of  the  insects  as  oiily=^,  partly  for  similar  reasons, 
and  partly  in  order  that  we  might  not,  by  too  large  an  increase  of 
this  number,  which  surpasses  the  sum  of  all  the  other  species,  possibly 
prejudice  too  much  the  correctness  of  the  whole.  Thus  we  obtain 
the  following  view  of  the  duration  and  number  of  the  various  organic 
beings  during  geological  time : — 
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We  thus  obtain  in  round  numbers  1,500,000  species  of  animals, 
and  500,000  of  plants.  By  introducing  more  appropriate  numbers 
and  exponents,  our  calculation  might  perhaps  be  here  and  there 
amended,  and  thus  a  more  correct  result  obtained ;  meanwhile  it  is 
sufficient  for  us  at  present  to  have  pointed  out  the  method,  accord- 
ing to  which  we  believe  that  such  an  estimate  must  be  made ;  it  is 
enough  for  us  to  have  so  far  obtained  a  general  result,  from  which 
the  whole  succession  of  the  gradually  originating  and  perishine  or- 
ganisms may  be  reckoned  at  two  millions ;  and  it  is  on  the  ^ole 
indifferent  at  present,  whether  this  may  become,  in  consequence  of 
amended  calculations,  1,000,000  or  3,000,000.  On  the  whole,  as 
was  stated,  only  half  so  many  plants  are  obtained  in  proportion  to 
the  animals ;  but  in  reality  the  commencing  flora,  untu  the  appear- 
ance of  the  second  half  of  the  Monochlamydese,  of  the  Coroluflorse 
and  the  Choristopetalee,  the  number  of  which  is  almost  three  times 
as  great,  as  that  of  the  lower  plants,  was  much  more  uniform  than 
the  fauna,  in  which,  indeed,  the  more  perfect  and  some  other  classes 
in  like  manner  also  first  appear  along  with  the  more  perfect  classes 
of  plants ;  but  these  perfect  classes  of  animals  make  (not  three,  but) 
only  1^  the  number  of  the  imperfect  classes. 

Of  the  2,000,000  species  of  organisms  thus  estimated  as  once  ex- 
isting, probably  not  A^  ^^^ ^  adapted  to  leave  their  remains  imbedded 
in  a  recognizable  condition  in  the  strata ;  or  chance  {Zufall)  at  least 
has  not  sufficiently  favoured  i^  of  the  species  for  this  purpose ;  and 
of  the  remaining  200,000  species  which  we  might  find  in  the  earth's 
crust,  chance  will  again  prevent  a  large  portion  from  ever  coming  to 
our  knowledge. 

*  Returning  to  the  facts  presented  to  us  by  our  tables,  we  find  that 
the  species  are  most  unequally  distributed  in  the  formations  and 
periods : — 

Periods.                          1.  II.  III.  IV.  V.  or  I.     II.     III.    IV<.  V. 

FtenU:  fpedet.    .    .    .  1017  96  941  84  OSS  »  0*40  : 0-05  :  0*11 :  0*04  1 0^1 

Aninulf :  upedet  .    .    .  4445  IO9I  SSpl  4810  13,384  a  0-10  : 0  04  :  0*13  :  0*18  :  0*48 

Bottaifpeciet    ....  6409  1180  4133  49OO  14,007  »  0*18  :  0*04  ;  0*14  :  0*17  ;  0*47 

These  inequalities  are  (independent  of  the  accidental  coincidence 
of  our  researches  with  richer  or  poorer  fossil-localities)  partly  a  con- 
sequence of  the  unequal  preserving-powers  of  the  kind  of  rock-mass 
composing  each  formation  either  generally  or  for  certain  classes  and 
organisms  in  especial  (the  coal  formation  for  plants),  partly  of  the 
wider  seographical  development  of  the  species  and  the  unequal  dura- 
tion of  the  periods,  which,  however,  it  would  be  difficult  to  find  a 
means  of  measuring,  and  finally,  partly  of  the  unequal  richness  of  the 
successive  formations,  which  we  mdeed  express  in  numbers,  but  still 
are,  from  not  knowing  the  value  of  the  two  previous  influences,  inca- 
pable of  so  measuring  as  to  be  able  to  say,  which  period  estimated 
for  times  of  equal  length  was  the  richer.  We  were  for  some  moments 
disposed  to  estimate  equal  duration  of  the  periods  from  equality  in 
the  numbers  or  quota  of  fossil  species  whicn  passed  from  the  first 

*  In  the  original  the  numbers  in  this  column  are,  0*040,  001 8,  0*017,  but 
evidently  from  a  misprint. — J.  N. 
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rock-member  of  one  period  to  the  first  member  of  the  next  period ; 
nevertheless,  this  depends  not  only  on  the  accidental  character  of  the 
two  kinds  of  rock,  bnt  also  rests  on  the  supposition  of  a  uniform 
proportion  between  the  time  and  the  causes  that  destroy  species. 
Would  we  lastly,  without  concerning  ourselves  about  the  time^ 
equalize  the  periods  with  each  other  merely  in  this  manner,  that  they 
should  only  contain  an  equally  small  number  or  quota  of  common 
species,  it  may  be  again  asked,  whether  the  continuous  preservation 
and  the  relative  extinction  of  old  species  forms  an  element  better 
ad^)ted  for  a  measure,  than  the  appearance  of  new  species  ?  For 
thus  the  cretaceous  (IV.)  has  a  la^r  quota  of  species  in  common 
with  the  existing  period  (VI.),  than  any  two  former  periods  imme- 
diately bordering  on  each  other  have  in  common,  and  yet  no  other 
periods  are  so  dutinctly  separated  from  each  other  as  the  chalk  is 
from  the  tertiary,  by  the  above-mentioned  appearance  of  the  highest 
forms  <^  plants  and  animals,  in  the  former  of  a  part  of  the  Mono- 
chlamydese,  the  Corolliflorse  and  Choristopetalse,  in  the  latter  of  a 
part  of  the  fishes  (osseous  fishes),  of  the  reptiles  (serpents  and  ba- 
trachians),  and  of  the  two  classes  of  the  warm-blooded  vertebrata. 

Were  we  to  arrange  the  periods  according  to  their  absolute  rich- 
ness in  fossil  species  they  would  stand  thus : — 

According  to  the  Plants  .     .  IV,    II,  III,    V,  I. 

„      Animals     .   II,  III,     I,  IV,  V. 

both  together,    II,  III,  IV,     I,  V. 

The  carboniferous  period,  from  the  accumulation  of  carbonaceous 
and  clayej  materials  in  its  rocks,  was  the  most  favourable  for  the 
preservation  of  plants,  and  hence  it  furnishes  us  with  quite  as  many 
species  of  them  as  all  the  other  periods  together,  though  a  portion 
of  the  system,  now  three  times  the  most  numerous,  first  appears  in 
the  last  of  them.  The  Trias  period  (II.)  is  evidently,  not  merely  from 
accident,  but  in  reaUty  poorer,  and  undoubtedly  shorter  and  of  a  more 
local  character  than  the  others.  The  Cretaceous  period  (IV.)  con- 
tains almost  no  rocks  adapted  for  the  preservation  of  plants,  and  in 
especial  entirely  wants  land  and  freshwater  formations.  The  Oolite 
period  (III.)  may  in  this  respect  be  designated  as  the  true,  indifferent 
mean  (or  centre)  of  the  periods.  The  Tertiary  period  (V.)  finally  is 
essentially  distinguished  by  a  greater  richness  in  organic  species  in 
general,  and  in  animab  in  particular,  which  appears  to  be  a  conse- 
quence not  merely  of  a  greater  capacity  in  the  rocks  for  preserving 
uiem,  nor  of  a  probably  lonser  continuance  of  the  period,  out  of  an 
essentially  greater  richness  of  the  time  in  all  grades  of  organic  forms. 
We  reserve  some  other  questions  for  illustration  on  another  occa- 
sion. J.  N. 
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rock-salt,  xcv ;  M.  £.  de  Beaumont 
on  the  elevation  of  mountain  systems, 
xcvi ;  M.  Favre  on  the  Western  Alps, 
c ;  Bl.  d'Archiac  on  the  nummulite 
rocks  of  Bayonne  and  Dax,  c ;  M. 
Durocher  on  granites,  c ;  M.  Pilla  on 
the  red  ammonitiferous  limestone  of 
Italy,  ci ;  M.  Pomel  on  a  new  fossil 
pachyderm,  ci ;  M.  Tallavignes  on 
nummulite  rocks,  ci ;  Prof.  Forch- 
hammer  on  the  action  of  ice,  cii ;  Dr. 
Coquand  on  Morocco,  cii ;  M.  Desor 
on  shells  in  the  drift  of  New  York, 
ciii ;  M.  d'Archiac  on  diluvial  rocks, 
ciii ;  M.  FrapoUi  on  the  Terrains 
meubUs  of  Europe,  ciii ;  M.  Favre  on 
Chamounix,  civ ;  Dr.  Bou6  on  ancient 
isothermal  lines,  cv  ;  M.  Geinitz  on 
fossils  of  the  German  zechstein,cv;  M. 
Delahaye  on  the  schists  of  Muse,  cv ; 
Mr.  Davidson  on  the  Silurian  Brachio- 
pods  of  England,  cvi ;  M.  de  Vemeuil 
on  Brachiopods  from  Gothland,  evil ; 
M.  Fauverge  on  the  temperature  of 
the  period  of  the  coal-measures,  cvii ; 
Prof.  A.  Sismonda  on  the  Tarcntaise, 
cviii ;  miscellaneous  papers,  cviii ; 
M.  d' Archiac's  History  of  the  Progress 
of  Geology,  ex.  Geological  notices: 
MM.  Dufr6noy  and  £.  de  Beaumont, 
'  Explication  de  la  Carte  G6ologique 
de  la  France,'  cxi ;  Prof.  Forbes's 
Palsontological  Map  of  the  British 
Islands,  cxi i ;  Mr.  Hsdl'sPalieontology 
of  New  York,  cxii ;  M.  Haidinger's 
Contributions  of  the  Friends  of  Na- 
tural History  at  Vienna,  cxiii ;  on 
the  formation  of  dolomite,  cxiii ;  M. 
Morlot's  views,  cxiv ;  M.  Haidinger's, 
cxvi ;  conclusion,  cxvi. 

Delahaye,  M.,  on  the  schists  of  Muse, 
cv. 

Dent  de  Jaman,  section  of  the,  182. 

Desor,  M.,  on  the  drift  of  New  York, 
ciii. 

,  and  E.  Cabot,  on  the  tertiary  and 
recent  deposits  of  Nantucket,  340. 

Dolomite,  on  the  formation  of,  cxiii; 
M.  Frapolli's  views,  xcv ;  M.  Morlot 
on,  cxiv ;  M.  Haidinger,  ex  v. 

Donations  to  the  Library  of  the  Society : 
July  to  October  1848, 104 ;  November 
to  December  1848,  154;  January  to 
March  1849,  313;  April  to  June 
1849,  384. 

D'Orbigny,  M.  A.,  award  of  WoUaston 
Donation  fund  to,  xviiL 

Dragon-fly  from  the  lias  near  Chelten- 
ham, Mr.  Westwood  on  a  fossil,  32. 

Dublin,  Geological  Society  of,  proceed- 
ings, noticed,  Ixxxix. 


Dufr6noy,  M.,  Explication  de  la  Carte 
G6ologique  de  la  Prance,  noticed,  cxi. 
Durocher,  M.,  on  granites,  c 
Edinburgh,  Mr.  Nicol  on  recent  forma- 
tions near,  20. 
Egerton,  Sir  P.,  description  of  a  new 
Leptolepis,  35;  Palichthyologic  Notes, 

noticed,  xxxiv;  on  the  affinities  of 

the  genus  Platysomus,  329 ;  noticed, 

xliv. 
Eocene  rocks  of  Italy,  Sir  R.  Murchison 

on  the,  276. 
Eocene  of  Hampshire,  Mr.  J.  C.  Moore 

on  freshwater  shells  in  the,  315. 

Euomphalus? ,  14. 

—  furcatus,  15. 

Farrer,  Mr.  J.  W.,  on   Ingleborough 

Cave,  49 ;  noticed,  Ixxxiv. 
Fauverge,  M.,  on  the  temperature  of  the 

coal  period,  cvii. 
Favre,  M.,  on  the  Western  Alps,  c  ;  on 

Chamounix,  civ. 
Flysch  of  Switzerland,  188.     {See  also 

Nummulite  rocks.) 
Footprints,  Sir  C.  Lyell  on  recent,  in 

mud,  344. 
Forbes,  Prof.  E.,  Palaeontological  Map 

of  British  Isles,  noticed,  cxii. 
Forchhammer,  Prof.,  on  the  action  of 

ice  on  sea-coasts,  cii. 
France,  Geological  Society  of,  notice  of 

its  proceedings,  xcv. 
Frapolli  on  gypsum,  dolomite  and  rock- 
salt,  xcv ;  on  the  Terrains  meubles  of 

Europe,  ciii. 
Galatia,  Mr.  Hamilton  on  the  geology  of, 

362. 
Galloway,  Mull  of^  section  from,  to  Cors- 

wall  Point,  9. 
Garby,  Mr.,  list  of  Cornish  minerals, 

xciii. 
Gare  Loch,  Mr.  Smith  on  grooved  rocks 

at  the,  17. 
Geinlu,  M.,  on  the  fossils  of  the  German 

zechstein,  cv. 
Gesncr,  Dr.,  on  the  gypsum  of  Nova 

Scotia,  129  ;  noticed,  liv. 
Giant's  Mountain,  on  the  occnrrence  of 

fossils  on  the,  361,  363. 
Glarus,  nummulite  rocks  and  fish  slates 

of,  198;  inverted  strata  in  the  Canton, 

246. 
Gloucester,  upper  lias  of,  31. 
Gosau,  cretaceous  rocks  of,  215. 
Granite,  M.  Durocher  on,  c 
Graptolites  folium,  15. 
pristiSf  16. 

—  ramosuSf  16. 

—  tania,  16. 
tenuis,  16. 

—  sextans,  17. 


Digitized  by  VjOOQIC 


INDEX  TO  THE  PROCEEDINGS. 


Ormts,  limettonet  of,  16S. 
GriinCen,  section  of  the,  205. 
Gypsum,  Frapolli  on  its  formation,  xcr. 

of  Nova  Scotia,  Dr.  Gesner  on, 

129. 

of  Plaister  Cknre,  Mr.  Dawton  on, 

335. 

of  Asia  Minor,  Mr.  Hamilton  on, 

373. 
Habltheren,  section  at,  212. 
Haidinger,  M.,  on  the  formation  of  do- 
lomite, cxiii. 
Hailstone,  Mr.,  notice  of,  xix. 
Hall,  Mr.  J.,  on  soft  parts  of  Orthoceras, 

107  ;  noticed,  xzzt  ;  Paleontology  of 

New  York,  noticed,  cxii. 
Hamilton,  Mr.  W.  J.,  obsenrationi  on 

the  geology  of  Asia  Minor,  362. 
Hampshire,  Mr.  J.  C.  Moore  on   the 

eocene  formation  of,  315. 
Hengistbury  Head,  section  at,  45. 
Hibbert  Ware,  Dr.  S.,  notice  of,  xxi. 
Hypotauru*  RogersU,  382. 
Iguanodon,  Dr.  Mantell  on  new  remains 

of,  40. 
Jllanus  Davisii,  15. 
— —  LttsiiatucuSf  150. 
Ingleborough  Cave,  Mr.  Farrer  on,  49. 
Inoceramns  limestone,  185. 
Insects,  Mr.  Brodie  on,  in  the  lias,  32 ; 

Dr.  Mantell  on,  in  the  Wealden,  39. 
Inverted  strata,  at  St  Orso,  near  Schio, 

221;  at  Martin's  Loch,  246;  PmL 

Rogers's  theory  of,  250. 
Isothermal  lines.  Dr.  Bou6  on  andent, 

cv ;  of  coal-measures,  crii. 
Italy,  Sir  R.  Murchison  on  the  chief 

formations  of,  263 ;  creuceous  rocks 

of,  272  ;  eocene  formations  of,  276 ; 

miocene  and  younger  tertiary  of,  283. 
Jukes,  Mr.  B.,  and  Mr.  A.  Selwin,  on 

North  Wales,  noticed,  xlix. 
La  Spezia,  strata  of  the  Gulf  of,  265  ; 

section  at,  268. 
Lauder,  Sir  T.  Dick,  notice  of,  xxiL 
Leptolepis  concentricus,  35. 
Libellula  dulocatOf  35. 
Lonsdale,  Mr.  W.,  award  of  WoUaston 

Donation  fUnd  to,  xviii. 
— ,  on  fossil  zoophytes,  55  ;  noticed, 

xxxviii. 
Lubbock,  Sir  John,  on  change  of  climate 

resulting  from  a  change  in  the  earth's 

axis  of  rotation,  4  ;  noticed,  Ixxxv. 
Lyell,  Sir  C,  on  recent  footprints  on  red 

mud  in  Nova  Scotia,  344. 
M'Adam,  Mr.,  on  cuttings  in  the  Bel^t 

railway,  xc. 
"  Macigno  Alpin"  of  Studer,  188. 
Maerottturtu  lavis,  382. 
Mallet,  Mr.,  on  the  structure  of  recent 


shells,  Ixzxix ;  on  geological  secdons, 
zc 

Manchester,  Geological  Society  o(,  no- 
ticed, xciii. 

Mantell,  Dr.  G.  A.,  on  the  organic  re- 
mains of  the  Wealden,  37 ;  noticed, 
xxxvL 

Maremma,  rocks  of  the  Tuscan,  270 ; 
coal-beds  of,  291. 

Martin's  Loch,  inverted  strata  of^  246. 

Molasse  of  Switzerland,  228. 

Monte  Bolca,  age  of  its  deposits,  225. 

Monte  Massi,  rocks  near,  293. 

Moore,  Mr.  J.  C,  on  the  Silurian  rocks 
of  Wigtonshire,  7 ;  noticed,  liii. 

,  on  the  occurrence  of  eocene  fresh- 
water shells  in  Hampshire,  315. 

Morris,  Mr.  J.,  on  Neritoma,  332 ;  no- 
ticed, xIt. 

Motoimtrut  MaximiUanit  382. 

Mountain  systems,  M.  E.  de  Beaumont 
on  elevation  o^  xcvi. 

Murchison,  Sir  R.  I.,  on  the  origin  of 
the  term  Permian,  1. 

— ,  on  the  geological  structure  of  the 
Alps,  Apennines  and  Carpathians, 
157  ;  noticed,  lix,  IzxiiL 

Murckuonia  teaiaru,  14. 

Museum  of  Practicsi  Geology,  noticed, 
zdv. 

Nagelfluhe  of  Switzerland,  228. 

Nantucket,  M.  Desor  and  E.  Cabot  on 
the  recent  formations  of,  340. 

Naumann,  Pro£,  on  the  development  of 
the  Permian  system  in  Saxony,  1 ; 
noticed,  li. 

Neocomian  of  the  Alps,  183. 

Neritoma  sinuotOf  334. 

bUimmata,  334. 

Nesbit,  Mr.,  on  phosphoric  add  in 
rocks,  noticed,  IxxviiL 

Nicol,  Mr.  J.,  on  recent  formations  in 
the  vidnity  of  Edinburgh,  20. 

Nova  Scotia,  Mr.  Dawson  on  red  sand- 
stones in,  25. 

Nummulite  rocks,  of  Bayonne  and  Dax, 
c;  of  Southern  France,  ci ;  of  Switzer- 
land, 188;  of  Einsiedeln,  196;  of 
Glarus,  198;  of  the  Grisons  and  Ap- 
penzell,  199;  of  the  Voralberg  and 
AUgau,  202 ;  of  Sonthofen,  208 ;  of 
Italy,  283 ;  Sir  R.  Murchison's  views 
of  their  age,  299 ;  list  of  fossils  of,  ha* 
ving  a  wide  geographical  range,  309. 

of  Asia  Minor,  371. 

Nummulites,  table  of  synonyms  o( 
193  note. 

(Eningen,  freshwater  deposits  of,  233. 

Oldham,  Frot,  on  the  drift  in  Wick- 
low,  xc 

Oldhamia,  Prof.  Forbes  on,  xc 
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OoHteofthe  Alps,  178. 

Oporto,  Mr.  Sharpe  on  the  geology'of 

the  neighbourhood  of,  142. 
Onnerod,  Mr.,  on  the  red  sandstone  of 

Cheshire,  noticed,  zlv,  Ixvii* 
Orthis  etn^niSf  15. 

—  Durientii,  153. 
— ^  Lusitanica,  153. 
Noctilio,  151. 

—  MhUensis,  152. 
Orthoeerat  vagant,  153. 

Oschats,  section  in  the  Permian  system 
at,  3. 

Owen,  Prot,  on  sanriaus  from  the 
greensand  of  New  Jersey,  380 ;  no- 
ticed, xliii. 

Palseontological  Society,  noticed,  xciii. 

Pattison,  Mr.,  on  the  coast  of  Cornwall, 
xc ;  on  Deronian  strata  near  Laon- 
ceston,  xci. 

Peach,  Mr.,  on  fossils  from  Cornwall,  xcL 

Pentland  Hills,  Mr.  Nicol  on  boulders 
found  on  the,  23. 

Permian,  Sir  EU  I.  Murchison  on  the 
origin  of  the  term,  1. 

system  in  Saxony,  ProC  Naomann 

on  its  development,  1. 

Petit  Coeur,  section  at,  174. 

Pilla,  M.,  on  the  red  ammonitiferous 
limestone  of  Italy,  d. 

Platysomus,  Sir  Philip  Egerton  on  the 
affinities  of  the  genus,  329. 

Platysomut  macrurui,  329. 

Pleurotontaria  Moorei,  14. 

Pomel,  M.,on  a  new  fossil  pachyderm,  cL 

Pontus,  Mr.  Hamilton  on  the  geology 
of,  362. 

Poole  Harbour,  Mr.  Prestwich  on  a  sec- 
tion at,  43. 

Prestwich,  Mr.  J.,  award  of  WoUaston 
medal  to,  xvii. 

— ,  on  the  section  from  Christchurch 
Harbour  to  Poole  Harbour,  43 ;  no- 
ticed, IvL 

,  on  some  fossiliferous  beds  abore 
the  red  crag  at  Chillesford,  near  Or- 
ford,  Suffolk,  345. 

Ramsay,  Prof.,  and  Mr.  Aveline,  on 
Wales,  noticed,  xxxt,  xlviii,  Ixvii. 

Report,  Annual  Geueral,  for  1849,  i. 

,  Museum  and  Library,  iii. 

Reptiles,  Prof.  Owen  on  fossil,  from 
New  Jersey,  380. 

Ridgway,  Mr.  Weston's  further  obser- 
vations on  the  geology  of,  317. 

Rigi,  section  of  the,  195. 

Rogers,  Prof.  H.,  on  the  structure  of 
the  Appalachians,  1 30 ;  noticed,  Ixviii, 
Ixxvii ;  theory  of  inverted  strata,  250. 

Ryan,  Loch,  geology  of,  11;  fossils 
from,  13. 


Sabine  hills,  section  of  the,  281. 

Salt,  rock,  in  Asia  Minor,  373. 

Salter,  Mr.  J.  W.,  on  fossils  frt>m  the 

Stincher  river  and  Loch  Ryan,  13; 

on  fossils  of  the  lower  Wenlock  shales, 

noticed,  xxxvi. 
Sandstones,  caosesof  their  red  colour,  25. 
Sardinia,  Silurian  rocks  o^  264. 
Saull,  Mr.  W.  D.,  on  changes  of  tem- 
perature and  the  levels  of  the  oceanic 

waters,  7 ;  noticed,  Ixxxiv. 
Savoy,  fossil  plants  from  the  anthracite 

formation  of,  Mr.  Bunbury  on,  130 ; 

Sir  R.  Murchison  on,  174. 
Saxony,  Prof.  Naumannon  the  Permian 

system  in,  1. 
Schio,  inverted  strata  near,  221. 
Scratched  boulders,  Mr.  Smith  of  Jor- 
dan HiU,  on,  17. 
Setti  Communi,  rocks  of  the,  224. 
Sewen,  section  at,  193. 
Sewer-kalk,  185. 
Sharpe,  Mr.  D.,  on  the  geology  of  Oporto 

and  the  Silurian  slates  and  coal  of 

Vallongo,  142 ;  noticed,  zliii,  Ivii. 
i  on  slaty  cleavage,  111;  noticed, 

Izxiv. 
— — ,  onTylostoma,  376. 
Sigillaria  altemans,  stump  of,  355. 
Sigillarise  with  conical  tap  roots,  354. 
Silicification,  Mr.  Bowerbank  on  the 

mode  of,  321. 
Silurian  rocks  of  Wigtonshire,  Mr.  J. 

C.  Moore  on  the,  7. 

of  Sardinia,  264. 

Silurian  slates  and  coal  of  Vallongo, 

Mr.  Sharpe  on  the,  142. 
Siphodiettfum  gradle,  94. 
Sismonda,  Prof.  A.,  on  the  Tartntaise, 

cviii. 
Slate-pencil  rock,  115. 
Smith,  Mr.  James,  of  Jordan  HiU,  on 

scratched  boulders,  17. 
Solenhofen,  freshwater  formations  near, 

234. 
Sommer,  Dr.,  on  Western  Australia,  51. 
Sonthofen  iron-mines,  203. 
Souffridre  of  St  Vincent,  Mi^or  Davis 

on  the,  53. 
Stincher  river,  fossils  from  the,  13. 
St.  Vincent,  Mi^or  Davis  on  Uie  Soof- 

fridre  of,  53. 
Survey,  Geological,  of  Great  Britain  and 

Ireland,  noticed,  xciii. 
Tallavignes,  M.,  on  nummulite  rocks,  cL 
Tarentaise,  Mr.  Banbury  on  fossil  plants 

from  the,  130. 
Tatra  mountains,  section  of  the,  259. 
Tchihatcheff,  M.  P.  de,  notice  of  his  re- 
searches in  Asia  Minor,  360. 
Thomson,  Mr.  T.  G.  R.,  on  the  position 


Digitized  by  VjOOQIC 


INDEX  TO  THE  PROCEEDINGS. 


in  which  thellt  are  foond  in  the  red 

crag,  353. 
Thones,  section  at,  186. 
Trias  of  South  Tyrol,  164;  of  Recoaro, 

167. 
Tweedy,  Mr.,  on  Towan  Head,  zcL 
Tylostoma,  a  proposed  genus  of  gastero- 

podous  moUusks,  Mr.  D.  Sharpe  on, 

376. 
Tyloitoma  Torrubia,  378. 

punctatum,  378. 

—  globosum,  379. 

ovatumt  379. 

Tyrol,  trias  of  South,  164. 

Vallongo,  Mr.  Sharpe  on  the  SUorian 

slates  and  coal  of,  145. 
Verneuil,  M.  de,  on  Brachiopods  from 

Gothland,  crit 
Vicentine,  tertiary  rocks  of  the,  217. 


Vienna,  Contributions  of  the  Friends  of 
Natural  Science  at,  noticed,  cxili. 

Wallenstadt,  section  near,  200. 

Wealden,  Dr.  Mantell  oo  the  organic 
remains  of  the,  37. 

Weston,  Mr.,  further  obserrations  on 
the  geology  of  Ridgway,  317;  no- 
ticed, liv,  Izvii 

Wiggins,  Mr.,  on  fossil  bones  from  the 
Crag,  noticed,  IxxxiiL 

Wigtonshire,  Mr.  J.  C.  Moore  on  Uie 
Silurian  rocks  of^  7;  Mr.  Salter  oo 
fossils  from,  13; 

Williams,  Rer.  D.,  on  volcanic  inter- 
ferences, xcii. 

WoUaston  Medal  and  Donation  fiind, 
xrii. 

Zoophytes,  Mr.  Lonsdale  on  fossil,  55 ; 
Mr.  Bowerbank  on  a  nliceoos,  319. 
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